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Abstract 

It  is  the  aim  of  the  proposed  research  to  develop  distal  computer  simulation  models  for  a 
typical  shipboard  electric  propulsion  system,  conduct  dynamic  arudyses  and  determine  viable 
control  schemes  for  such  a  system.  Electric  propulsion  for  shipboard  use  is  being  considered  as 
an  attractive  alternative  to  the  geared  diesel  and  gas  turbine  mechanical  drives  currently  bdng 
used  in  most  naval  ships.  Prior  to  building  an  electric  profnildon  diive  ^on,  the  dynamic 
behavior  must  be  understood  and  methods  for  controlling  the  system  have  to  be  determined. 

A  shipboard  electrical  system  is  small  in  size  and  has  fewer  components  than  a  typical 
commercial  power  distribution  system.  A  typical  combatant  ship  may  have  three  or  four 
generators  with  a  combined  capacity  of 80-100  megawatts.  Most  of  this  capacity  is  used  by  the 
propulsion  motors,  which  for  a  two  shaft  ship  will  be  rated  in  the  range  of 35-40  megawatts  each. 
These  loads,  which  are  large  with  respect  to  the  generating  aq)acity,  make  the  analysis  of 
shipboard  electrical  systems  more  difficult  than  typical  commercial  power  systems.  Many  of  the 
simplifying  assumptions  used  in  the  analysis  of  commo^al  power  systems  are  not  valid  with 
shipboard  systems.  This  complication  requires  a  detailed  model  of  the  entire  system  including  the 
relevant  dynamics  of  each  conqionent. 

Thesis  supervisor:  Dr.  James  L.  Kirtley,  Jr. 

Title:  Associate  Professor  of  Electrical  Engineering 


2 


93-18683 

iiiiinii 


Acknowledgments 


There  are  a  great  numbo*  of  people  provided  guidance,  asastance  or  support  without 

whom  I  would  not  have  been  able  to  complete  this  work.  I  am  grateful  to  each  and  every  one  of 
you.  I  am  especially  inddned  to  my  advisor.  Professor  James  Kirtley  for  his  patience  and  help 
with  all  of  my  difficulties. 

I  would  also  like  to  thank:  Pat  Patterson  of  NSWC  for  the  use  of  his  ACSL  models  and 
for  his  ACSL  tutoring;  LT.  Norbert  Doerry  for  suggesting  this  research  topic;  Erik  Svendson  of 
NAVSEA  S6Y3,  Roger  Jarman  and  Jerry  Payne  of  Caterpillar  Inc.  for  their  generous  asastance 
with  diesel  engine  information;  CAPT.  Ai  Brown  of  MIT  for  his  financial  and  intellectual  support; 
Professor  A.D.  Carmichael,  my  thesis  reader,  for  dialing  his  knovdedge  of  diesd  and  gas  tiubine 
engines;  Dr.  Steve  Umans  for  the  use  of  his  computer,  and  many  othos. 

I  would  also  like  to  thank  my  paroits,  my  brothers  and  my  aster  for  their  guidance  and 
encouragement  throughout  the  years.  Finally,  I  wish  to  thank  my  wife,  Sandra  for  her  boundless 
support  and  for  putting  up  with  me  throughout  my  graduate  work. 


3 


Table  of  Contents 


Abstract  .  2 

Acknowledgments  .  3 

Table  of  Contents  .  4 

Chapter  1:  Introduction  .  7 

1.1  Shipboard  Propulsion  Systems  .  8 

1.2  Analysis  of  Shipboard  Electric  Systems  .  10 

1.3  Computer  Simulation  Tools  .  12 

1.4  Control  of  Shipboard  Propulsion  Systems  .  13 

1.5.  Research  Approach .  15 

Chapter!:  Component  Models .  17 

2.1  Synchronous  Maclwe  .  17 

2.2  Frequency  Changer  .  21 

2.3  Voltage  Regulator .  25 

2.4  Induction  Motor  .  26 

2.5  Ship's  Service  Load .  27 

2.6  Diesel  Engine  .  28 

2.7  Diesel  Engine  Governor .  31 

2.8  Gas  Turbine  En^e  .  31 

2.9  Mechanical  Load  .  33 

2.10  Ship  Seaway  dynanucs  .  33 

Chapter!:  Interconnections  .  35 

3.1  Transmission  Line  Model  .  35 

3.2  Physical  and  Numerical  Considerations  .  37 

3.3  Per-unitization  .  41 

3.4  System  Configurations  .  42 

Chapter  4:  Control  Studies  . .  46 

4.1  Inputs  and  Outputs  .  46 

4.2  Voltage  and  Frequency  Control  .  47 

4.3  Control  of  Inverter  fed  Motor  .  47 

4.3.1  Open  Loop  Volts^ertz  Control  .  48 

4.3.2  Self-Controlled  Synchronous  Motors  .  48 


4 


Table  of  Contents 


4.3.3  Vector  Controlled  Synchronous  Motors  .  52 

4.3.4  Motor  Control  for  Ship  Propulsion  .  52 

Chapter  5:  Results  and  Conclusions  . 57 

5.1  Simulation  Results .  57 

5.1.1  Two  Generator  Ship;  Acceleration  From  Rest .  57 

5.1.2  Two  Generator  Ship:  Moderate  Sea  State  .  60 

5.1.3  Two  Generator  Ship;  Crashback .  60 

5.1.4  Two  Generator  Ship;  Generator  Failure  .  64 

5.2  Features  and  Limitations  of  Simulation  Modds  .  68 

5.3  Suggestions  for  Future  Research  .  70 

5.4  Conclusions  .  71 

References  .  72 

Appendix  A:  ACSLCode  .  74 

A.1  System#!  .  74 

A.2  System  #2  .  78 

A3  Diesel  Engine  .  83 

A.4  Diesel  Engine  Governor .  84 

A.5  Diesel  Engine  Map  .  86 

A.6  Frequency  Changer  .  86 

A.  7  Rectifier  Current  Controller  .  88 

A.  8  Induction  Motor  .  89 

A.9  Gas  Turbine  .  92 

A.10  Gas  Tuibine  Governor  .  110 

A,  11  Gas  Turbine  Mechanical  Interface  .  113 

A.  12  Mechanical  Load  .  116 

A.  13  Ship's  Service  Load  .  117 

A.  14  Base  Conversions  .  117 

A.  15  Nfiscellaneous  Constants .  118 

A.  16  Circuit  Breaker  .  119 

A.  17  Inverse  Park's  Transform  .  120 

A.  18  Paiic's  Transform  .  121 

A.  19  Ship  Dynamics  .  123 


5 


Table  of  Contents 


A.20  Motor  Controller  .  139 

A.21  Speed  Controllo’ .  141 

A.22  Synchronous  Motor  .  143 

A.23  Synchronous  Generator .  146 

A. 24  Voltage  Regulator  .  148 

Appendix  B:  Parameter  Values  .  150 

B. l  Synchronous  Machines  .  150 

B.2  Voltage  Regulators  .  151 

B.3  DC-link  Currait  Controller  .  151 

B.4  Speed  Controller .  151 

B.5  Speed  Governors  .  151 

Appendix  C:  Two  Motor  Run  .  152 

Appendix  D:  Simulation  Output .  166 

D.l  Acceleration  From  Rest  .  166 

D.2  Single  Mode  Speed  Control  in  Moderate  Seas  .  176 

D,3  Two  Mode  Speed  Control  in  Moderate  Seas  .  188 

D.4  Speed  Change  fix>m  0.4  to  0.8  pu  in  Moderate  Seas .  199 

D.5  Crashback  .  213 

D.6  Genoator  Failure  at  50%  Motor  Speed  .  229 

D.7  Generator  Failure  at  90%  Motor  Speed  .  241 

Appendix  E:  Notes  on  Use  of  ACSL .  252 

Appendix  F:  Dictionary  of  Variables .  255 


6 


Chapter  1:  Introduction 

Electric  drive  systems  have  been  used  in  naval  ships  for  ova- 80  years.  Inthepast, 
th^  have  been  characterized  by  higher  initial  cost,  lower  efiBdem^  and  greater  space  and 
weight  requirements  than  mechanical  drive  sterns.  Their  primary  advantage  over 
mechanical  ^ems  has  been  the  high  d^ree  of  control  ova*  the  propeller  and  the  d^ree 
of  flexibility  afforded  to  the  naval  architect  in  locating  the  propulrion  equipment  within  the 
ship  [1]. 

The  advent  of  modem  power  electronics  fljr  in^rlementing  variable  speed  motor 
drives  using  synchronous  or  induction  motors  has  made  dectric  propulaon  much  more 
attractive.  In  recent  years  various  types  of  electric  drive  propulrion  systems  have  been 
proposed  to  reduce  or  alleviate  some  of  the  historical  drawbacks  of  the  dectrical 
propulsion  system,  especially  in  the  area  of  system  efficiency. 

The  U.S.  Navy  has  indicated  its  dedre  to  develop  and  produce  a  modem  dectric 
propulsion  system  for  hs  ships.  However,  the  dynanuc  behavior  of  electrical  networks 
required  for  such  propuldon  ^ems  is  not  wdl  understood.  This  research  devdops  tools 
vddch  can  be  used  to  investigate  the  dynamic  behavior  of  typical  dectric  drive  systons 
under  various  operating  conditions.  It  also  attempts  to  determine  a  viable  means  for 
controlling  such  an  dectric  drive  system. 
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1.1  Shipboard  Propulsion  Systems 

The  current  state  of  the  art  for  naval  suiftce  ship  propulsion  systems  consists  of 

two  diesel  or  gas  turbine  engines  coupled  to  the  propdler  shaft  through  dutches  and  a 
mechanical  transmisaon.  Tins  type  of  propulsion  system  allows  the  use  of  other  one  or 
both  engines  to  drive  the  propeller.  Above  a  certain  ship  qreed,  the  ship's  speed  is 
controlled  by  varying  the  engine  speed.  When  it  is  desired  to  move  slowo  than  the  idle 
speed  of  the  engine  or  to  apply  reverse  power,  the  mechanical  means  provided  to 
accomplish  this  comes  in  the  form  of  a  variable  geometry  propeller  or  a  fluid  coupling  with 
reversing  capability. 

This  configuration  provides  redundancy  of  man  engines  in  case  of  battle  damage 
and  for  conducting  undaway  maintenance.  It  also  allows  for  disconnecting  both  engines 
fi-om  one  shaft,  letting  the  shaft  "trail,"  and  driving  the  ship  with  its  other  draft  to  improve 
fud  economy  for  certain  ship  speeds. 

In  mechanical  ^ems  of  this  type  it  is  difficult  to  combine  engines  of  difierem 
types  on  the  same  propdler  shaft.  They  also  do  not  allow  fl>r  aoss-connecting  both 
propdlers  to  one  engine  as  is  possible  with  oldo*  steam  powered  ships.  Medianicd  drives 
also  require  separate  prime  movers  to  generate  dectridty  for  ship's  service  loads.  Another 
miyor  disadvantage  of  mechanical  propulsion  systems  is  the  necessity  of  providing 
mechanicai  alignment  between  the  main  et^nes  and  the  propdler.  This  requires  the 
engines  to  be  located  low  in  the  ship.  However,  the  light  wd^  and  huge  air  intake  and 
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exhaust  requirements  of  modem  gas  turbine  en^es  makes  it  highly  desirable  from  an 
arrangement  standpoint  to  locate  them  relatively  high  in  the  ship.  This  more  efiBdent 
arrangement  of  engines  is  only  possible  with  an  dectric  drive  ship. 

Historically,  there  have  been  primarily  two  types  of  electric  ship  propulsion;  ac 
^chronous  and  direct  current.  In  standard  practice,  ac  ^chronous  systems  are 
essentially  a  synchronous  generator  or  generators  directly  connected  to  a  synchronous 
propulsion  motor.  The  speed  ratio  between  the  generators  and  motor  is  a  constant 
determined  by  the  ratio  of  poles  in  the  machines.  In  ac  synchronous  systems  control  of  the 
ship's  speed  is  accomplished  by  varying  the  speed  of  the  generator  prime  mover.  For 
reverse  operation,  the  phase  sequence  to  the  motor  is  reversed.  During  maneuvering 
situations  when  synchronism  caimot  be  maintained,  the  motor  is  operated  as  an  induction 
motor.  This  results  in  a  low  power  frctor  that  reduces  efficiency.  Ac  systems  tend  to  be 
more  reliable,  efficient  and  lighter  in  weight  than  dc  systems  of  the  same  power  rating. 
They  are  also  available  in  larger  power  ratings  than  dc  systems  [1]. 

Standard  dc  systems  consist  of  multiple  dc  generators  connected  directly  to  dc 
motors.  Commutation  requirements  limit  both  the  system  voltage  and  generator  speed. 
Power  handling  equipment  such  as  circuit  breakers  limit  the  current.  These  restrictions 
coniine  the  power  of  dc  systems  to  around  10,000  horsepower  per  shaft.  This  power  level 
makes  dc  systems  infeasible  for  most  naval  ship  applications  [1]. 

Despite  their  historical  drawbacks,  modem  electric  drives  have  numerous 
advantages  over  mechanical  systems.  Electric  propulrion  systems  are  able  to  be 
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cross-connected  and  power  any  one  or  both  propellers  from  any  prime  mover.  It  is  also 
posable  to  parallel  diesd  and  gas  turbine  generators  to  drive  the  same  shaft.  Electric 
power  cables  are  flexible  and  easily  routed  as  compared  to  steel  propulsion  shafting, 
allowing  the  naval  architect  to  place  engines  almost  anywhere  within  the  ship.  The 
paralleling  ability  of  electric  propulsion  systems  allows  the  use  of  an  odd  numbo’  of 
engines,  ^ce  the  power  of  an  engine  may  be  split  electrically  between  two  propulsion 
shafts.  As  naval  gas  turbines  only  come  in  disaete  sizes,  this  allows  the  generating 
capacity  to  be  more  closely  matched  to  the  load  requirements.  Propulsion  derived  ship's 
service  electric  power  (PDSS)  allows  the  elimination  of  separate  prime  movers  for  ship's 
service  power  generation.  Electric  propulsion  systems  provide  more  redundancy  of  key 
components  for  surviving  battle  damage  and  for  maintenance.  All  of  these  features  of 
electric  propulsion  systems  make  them  very  attractive  at  a  time  when  fiscal  constraints 
make  cost  and  efficiency  a  prime  consideration  in  warship  design. 

1.2  Analysis  of  Shipboard  Electric  Systems 

Previous  research  into  shipboard  electric  power  systems,  references  [2],[3]  and  [4] 

has  focused  on  developing  algorithms  for  numerically  solving  the  ^^ems  of  equations 
which  describe  the  shipboard  electrical  system  and  determining  the  stability  of  various 
components  within  the  system.  As  of  yet,  there  has  been  no  research  into  the  stability, 
performance  and  control  of  complete  shipboard  electric  drive  systems. 
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The  analysis  of  shipboard  electric  distribution  and  propulsion  systems  is 
significantly  different  from  commercial  power  systems  analyris.  The  assumption  of 
constant  frequency  is  not  valid  for  shif^ard  systems.  During  large  transients  the 
frequency  will  vary  by  a  significant  amount  from  its  nomiiud  value.  Electrical,  mechanical 
and  control  dynamics  all  exhibit  similar  time  constants,  therefore  the  technique  of  time 
scale  separation  will  not  work  with  shipboard  systems.  In  a  shipboard  system,  some  of  the 
loads  are  of  a  similar  order  of  magnitude  as  the  generators,  thus  the  dynamics  of  that  load 
must  be  considered.  Additionally,  the  concepts  of  an  "infinite  bus"  and  a  "slack  bus”  are 
not  applicable  to  shipboard  power  systems.  These  difficulties  require  utilizing  a  dyiuunic 
model  for  each  major  component  of  the  system.  Each  of  these  dynamic  component 
models  must  be  connected  together  in  such  a  way  as  to  properly  simulate  the  electric 
power  system. 

The  systems  to  be  considered  are  quite  simple  from  a  power  systems  standpoint 
(i.e.,  one  to  three  generators  driving  one  or  two  motors  either  through  firequency 
converters  or  directly).  By  using  dynamic  models  of  each  component,  accurate 
predictions  of  system  performance  can  be  obtained.  However,  the  complexity  of  the 
overall  system  using  full  order  component  models  does  not  leixl  itself  to  analytical 
solution.  Therefore,  digital  computer  simulations  will  be  employed  in  the  conduct  of  this 
research,  and  reduced  order  models  will  be  used  where  appropriate. 

The  full  order  model  of  the  power  system  constitutes  a  system  of  nonlinear 
differential  equations  which  are  subject  to  algebraic  constraints.  The  algebraic  constraints 
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arise  as  a  result  of  Kirchoffs  voltage  and  current  laws.  The  differential  equations  come 
from  the  dynamic  modds  of  the  various  components.  The  resulting  system  of 
differential/alg^raic  equations  (DAE's)  poses  a  difficult  numerical  problem  which  nuuiy 
numerical  simulation  programs  cannot  handle.  Various  modeling  techniques  will  be  used 
in  order  to  avoid  the  algd>raic  loops  inherent  in  DAE  systems. 


1.3  Computer  Simulation  Tools 

A  survey  was  conducted  of  various  software  packages  to  determine  their 

acceptability  for  conducting  computer  simulations  of  shipboard  power  systems.  Some  of 
the  programs  are: 


PSPICE:  Simulation  Program  with  Integrated  Circuit  Emphasis  (SPICE)  is  a 
program  intended  for  circuit  analysis  [S],  PSPICE  is  a  pc-based  version  of  the 
original.  This  program  is  unacceptable  for  the  proposed  research  because  it  cannot 
handle  nonlinear  implicit  components. 


SIMULAB.  Simuiab  is  a  graphical  interftu:ed  general  purpose  program  for 
simulating  dynamic  systems  [6].  It  can  accept  Matlab  M-files  or  C-language  coded 
components  and  can  handle  nonlinear  implicit  loops.  Simuiab  contains  several 
numerical  integration  algorithms,  however  h  does  not  include  a  method  for  solving 
differential/algebraic  equations.  This  algorithm  could  be  hand  coded  into  the 
program  as  a  function  ff  necessary. 


WAVESIM:  This  program  was  developed  spedfically  to  simulate  shipboard 
electric  distribution  systems  [3].  The  unique  feature  of  this  program  is  that  it  treats 
the  state  variables  as  continuous  waveforms.  However,  the  current 
implementation  of  WAVESIM  depends  on  the  software  package  MATLAB  to 
perform  its  calculations,  resulting  in  a  very  slowly  running  program.  However, 
several  of  the  component  models  are  already  in  existence  and  have  been 
thoroughly  validated. 
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ACSL:  Advanced  Continuous  Simulation  Language,  (ACSL)  is  a  general  purpose 
interactive  simulation  program  which  uses  a  language  very  nmilar  to  FORTRAN 
[7].  It  has  the  ability  to  handle  implidt  nonlinear  ^stons  where  it  uses  the 
Newton-Ri^hson  method  for  solution  of  the  algd>raic  constraint  equations. 
However,  it  slows  down  appreciably  when  these  ^ems  are  modeled. 

After  review  of  the  c^abilities  and  limitations  of  the  above  Emulation  programs, 
ACSL  was  selected  as  the  tool  to  perform  tlw  required  simulations  as  it  appears  to  be  best 
suited  to  handling  the  systems  under  consideration,  and  there  are  several  component 
models  already  written  and  available  for  use. 

1.4  Control  of  Shipboard  Propulsion  Systems 

The  control  systems  for  current  mechanical  drive  sMps  consist  of  a  digitally 
implemented  control  algorithm  which  adjusts  propeller  pitch  with  constant  propeller  speed 
up  to  a  certain  speed.  The  propeller  speed  is  then  varied  by  adjusting  fuel  flow  into  the 
engines  in  an  open  loop  fashion.  The  commanded  speed  is  input  with  a  single  lever  either 
from  the  ship's  bridge  (primary)  or  from  the  Engineering  Central  Control  Station  (CCS) 
(secondary).  There  is  also  an  ability  to  control  manually  each  prime  mover's  speed  and 
propeller  pitch  separately  from  the  engine  room.  This  mamial  control  is  intended  only  for 
emergency  operation. 

Electric  drive  ships  are  more  complicated  than  mechanical  drive  ships  from  a 
control  standpoint.  In  addition  to  controlling  the  power  output  of  the  prime  mover,  there 
are  several  other  system  inputs  which  must  be  controlled.  Specifically,  the  gmerator  and 
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motor  excitation,  system  frequency  and  the  electronic  motor  drive  must  all  be  correctly 
controlled  for  the  system  to  work  propoiy. 

Exdtation  of  the  generator  will  determine  hs  power  fiictor  and  maximum  dectrical 
power  output.  This  must  be  matched  (after  losses)  by  the  power  input  from  the  prime 
mover.  These  two  variables  determine  the  electrical  power  available  to  the  system. 
However,  motor  excitation  determines  the  maximum  torque  which  can  be  produced  by  the 
motor.  This  requirement  will  vary  dq)ending  on  the  q)eed  and  maneuvering  requirements 
of  the  ship  [8]. 

In  past  dectric  drive  ships,  the  frequency  of  the  propulsion  bus  was  varied  to 
change  the  ship's  speed.  In  the  modem  systems  which  are  proposed,  the  propulaon  bus 
frequency  will  be  hdd  constant  (probably  at  60  Hz.),  and  the  motor  drive  will  convert  this 
constam  frequency  power  to  whatever  fr’equency  is  needed  to  drive  the  propulsion  motor 
at  the  correct  speed.  This  converdon  is  accomplidied  through  the  timing  of  the  thyristers 
in  an  inverter  circuit  [9].  The  advantage  of  this  arrangement  is  that  the  fiid  efiBciency  of 
the  prime  mover  is  improved  by  operating  it  at  a  constant  speed.  This  type  of  design  also 
allows  the  ship's  service  electrical  load  to  be  supplied  off  the  propulsion  bus  which 
eliminates  the  need  for  sq)arate  generators. 

For  ease  of  operation  and  commonality  with  existing  ships,  it  is  desired  to  retain  a 
"single-stick”  control  for  electric  drive  ships.  However,  the  additiorud  inputs  of  the 
dectric  drive  require  a  more  sophisticated  control  system  than  is  presently  installed  on 
mechanical  drive  dups.  A  closed  loop  system  will  be  required  to  maintain  the  constant 
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propulsion  bus  fi:equency.  Similarly,  the  motor  drive  electronics  will  need  a  closed  loop 
controller. 

1.5.  Research  Approach 

This  research  studies  the  dynamic  behavior  of  likely  configurations  of  an  integrated 
electric  drive  ship  under  both  normal  and  abnormal  opoating  conditions  as  weU  as  finilt 
conditions.  Possible  control  schemes  for  these  systems  are  also  investigated  for  their 
suitability. 

The  ship  which  will  be  studied  is  the  next  generation  amphibious  ship,  known  as 
the  LX.  All  major  components  of  the  propulsion  dectric  bus  will  be  modeled.  These 
include  the  synchronous  generators  and  their  assodated  prime  movers,  propulsion  motors, 
fi-equency  converters  and  the  propeller  load  on  the  motors.  The  propulaon  derived  ship's 
service  load  will  be  modded  as  a  single  lumped  parameter  constant  power  load  (see  figure 
1-1).  This  research  is  divided  into  four  major  tasks.  These  tasks  are: 

I.  Identify  system  configurations  to  be  studied. 

n.  Develop  computer  models  for  system  components. 

in.  Integrate  component  models  into  system  modds. 

IV.  Conduct  simulations  and  evaluate  results. 
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Chapter  2:  Component  Models 


In  order  to  conduct  simulations  of  an  entire  slupboard  dectrical  system,  it  is 
necessary  to  derive  modds  of  the  various  conq>onaits  which  make  up  the  system.  This 
ch^er  describes  the  various  component  modds  vriuch  make  up  the  syston  under 
conrideration.  The  ACSL  code  for  the  foUowing  modds  is  located  in  Appoidix  A. 

2.1  SynchroDous  Machine 

The  synchronous  machine  model  used  in  this  study  is  based  on  the  derivation  in 
[10].  This  modd  assumes  linear  magnetics  and  rinusoidal  winding  distribution.  There  are 
three  windings  on  the  stator  and  three  on  the  rotor.  The  stator  windings  are  the  three 
phase  windings.  The  rotor  windings  are  the  field  winding  and  the  direct  and  quadrature 
axis  damper  windings,  which  are  iumped-paranwter  representations  for  various  distributed 
paths  of  current  flow  in  the  rotor.  In  order  to  generate  a  tractable  model  h  is  necessary  to 
transform  the  stator  variables  into  a  reference  fiame  r^cb  is  rigidly  attached  to  the  rotor 
of  the  machine.  The  transformation  which  accomplishes  this  is  the  well  known  Paric's 
transformation,  vdiich  is  given  by; 


COS0  COS^G-y)  cos(0  +  y) 
-sin0  -sin^G-y)  -rin^G  +  y) 

1  1  I 

J  2  2 


(2.1) 
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and  the  inverse  transformation  is; 


COS0 

-sin0 

1  ' 

T’*  = 

cos(e-^) 

-sia(0-f) 

1 

cos(0+y) 

-dn^0+y) 

1 

where,  Fdq  = 


fd 

U 

fo 


and,  F.be  = 


f. 

fb 

f« 


=  T- 


(2.2) 


Note  that  £  is  a  vector  place  holder  v<diich  represents  voltage,  current  or  any  other 
quantity  to  be  transformed.  This  version  of  the  Park  tran^ormadon  will  be  used 
throughout  this  research. 

The  d  and  q  subscripts  correspond  to  the  direct  and  quadrature  axes,  respectivdy. 
The  direct  axis  is  aligned  with  the  field,  and  the  quadrature  axis  leads  the  fidd  by  90 
degrees.  The  zero-sequence  variables  are  not  used  unless  unbalanced  conditions  are 
conddered.  Only  balanced  conditions  will  be  conddered  in  this  research. 

The  synchronous  machine  modd  is  ^en  by  the  following  set  of  equations  fiom 

[10]; 


dVd  _ 
dt 


-  +®  •  Vq +®o  •  Vd 


dyq 

dt 


Vq  e<l 

— +  ®o.Vq 

laq  laq 


(2.3) 

(2.4) 


IS 


ft 

deq 

/ 

ff 

.is-H 

/ 

L  X 

^  /  wN 

Xd-Xd 

Vd 

dt 

_ 

“  n 

Xa 

Tdo 

Tdo 

H 

\  J 

*  "nr 
Tdo 

dcj 

dt 


X^-Xq  Vq 

«  '  u 


'^+(a-l)- 

T*. 


/ 


T*, 


dt 


=  a)-(D« 


dm  _  Oo 
dt  2H 


V, 


f 

±-l 

H  / 

VXq  X^J 


where  the  following  definitions  have  been  made: 


(2.5) 

(2.6) 

(2.7) 

(2.8) 

(2.9) 


// 

T«)  =  =  Direct  axis  armature  tinw  constant 

<Do  *  ft 


tt 

X 

T*i  =  =  Quadrature  axis  armature  time  constant 

T*,  =  =  D-axis  open  circuit  sub-tranment  time  constant 

Tm  =  -  =  Q-axis  open  circuit  sub-transient  time  constant 

“  <Do  *  afc^  ^ 

Ta,  =  = — r-  =  D-axis  open  circuit  tranaent  time  constant 

CDo '  rf 
// 

Xd-Xa 

«  =  -; — li 

Xd-Xd 

el  =  ^  •  Vf  =  VoHage  behind  transient  reactance 
e^  =  ^  •  Vkd  =  Voltage  behind  sub-transient  reactance 
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»  Xaa 

64  =  -  •  ykq  =  Voltage  behind  sub-transient  reactance 

Stator  currents  in  the  following  model  are  ^ven  in  generator  coordinates  by: 

V4  =  ei-Xd  >d,and  v,  =  -ej-x^  i,  (2.10) 

The  tranaents  of  interest  are  electromechanical  ones  with  time  constants  in  the 

range  of  0. 1  seconds  to  10  seconds  or  longer.  The  stator  equations  (2.3)  and  (2.4),  have 
eigenvalues  on  the  order  of 0.0026  seconds  (l/ooo).  Since  integration  routines  used  for 
computer  simulation  typically  require  time  steps  smaller  than  the  smallest  eigenvalue  in  the 

system,  including  the  stator  transiems  and  reastance  requires  a  high  overhead  in 

simulation  time.  Neglecting  stator  transients  requires  making  the  following  assumptions: 

(D  »  4"*  These  assumptions  are  valid  under  balanced  conditions  for  all  times 

at  T«d  Taq 

and  frequencies  which  will  be  studied  herein.  These  ^plifications  are  common  practice 
when  simulating  electrical  networks  [11].  Alter  making  these  {q>proximations,  equations 
(2.3)  and  (2.4)  reduce  to: 

=  ^  =  (2.11) 


Substitution  of  (2. 10)  into  (2.5),  (2.7),  (2.9)  and  (2. 1 1)  yields  the  following  model: 


Vd  =  l 

i^Cd+X,  IqJ 

fflo 

V,  =  | 

[Cq-xi'-id) 

1  ® 

'  ’  (Do 

tf 

deq 

dt 


(xi-xj) 
u  '  id 


do 


^  do 


(2.12) 

(2.13) 

(2.14) 
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(2.15) 


n 


T^b  TqB 


-^  =  -  a  •  — ?- + (a  - 1 )  •  — ?- + 

ut  ^ 

Ido  ^do 


dt 

dm 

dt 


(2.16) 

(2.17) 

(2.18) 


For  the  gowrators  which  operate  near  rated  fiequem^,  the  additional  assiinq>tion 
of  m  w  mo  can  be  made.  This  nKxlifies  the  above  motor  modd  by  diminaling  the  factor  of 

~  from  equations  (2. 12)  and  (2. 13).  By  using  the  D  and  Q-axis  currents  as  inputs,  this 
form  of  the  modd  is  most  useful  for  system  studies. 


2.2  Frequency  Changer 

A  solid-state  frequency  changer  is  used  to  supply  variable  frequency  AC  power  to 
the  synchronous  propulsion  motor  while  the  bus  frequency  is  held  constant.  The 
particular  frequency  changer  used  in  this  study  is  a  DC-link  load  commutated  controlled 
rectifrer-inverter.  The  doivation  which  follows  is  dmilar  to  those  found  in  references  [9] 
and  [12].  Figure  2-1  shows  the  circuit  confrguration  of  this  device.  Notice  that  the 
convoter  is  symmetric  about  the  DC-link,  thus  only  the  inverter  dde  need  be  analyzed. 

The  equations  of  the  rectifier  are  identical  with  appropriate  substitution  of  variables.  If  the 
DC-side  voltage  and  current  are  considered  constant  and  instantaneous  commutation  is 
assumed,  then  the  AC-dde  waveforms  are  as  shown  in  figure  2-2.  The  two  thirds  cycle 
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pulse  wave  current  waveform  shown  is  someM^iat  idealized.  The  actual  current  wave 
pulses  will  exhibit  a  foiite  rise  and  decay  time  which  is  assodated  with  the  inductive 
elements  in  the  AC  side  of  the  converter.  This  is  known  as  commutation  overlap.  In  the 
interest  of  creating  a  more  tractable  model  for  system  studies,  the  commutation  overii^) 
effect  will  be  neglected,  which  is  consistoit  with  other  models  for  ^stem  level  studies 
[12].  The  currents  can  then  be  represented  by  thdr  Fourier  series; 


ia  =  •  |^sin((Dt  -  Pi)  “  5  ^  5((Dt  -  Pi)  -  ^  an7(®t  -  Pi)  •  •  •  j 

ib  =  •  [sin(fflt  -  Y  -  Pi)  -  jsin5(ffit  -  y"  P*)  "  y  “"^(©t  -  y  “  Pi)  ‘  ] 

ic  =  ^^I<ic-[sin(fflt  +  y-pi)  -  jsin5(fflt  +  y-pi)  -|sin7(fflt  +  y-Pi)  •••) 

Transforming  these  currents  into  the  rotating  reference  frame  of  the  motor  using  eq.  (2.1) 
gives; 


2J3.  .  - 

id  =  — jj— Idc'smPi 

•  _  273  ,  . 

iq  —  ~  ^  Ide  *  COS  Pi 


with  harmonic  components  neglected. 


(2.19) 

(2.20) 
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^  DC  Link  Frequency  Converter 


Figure  2-1 
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Figure  2-2 
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The  voltages  across  the  bridge  may  be  related  using  the  average  value  voltage  equation 
[11]: 


V|  =  ^^Epi  •  costti 


where:  Epi  =  ^v^+vj 
«•  =3i 


A  similar  analysis  on  the  rectifier  yields: 


iJJ 

i*= - ^IdcCOSpr 

2J3,  .  0 

iqr  =  Jj  ’  sin  Pi 

3J3 

Vr  = -^Epr  •  cosa, 


Epr= 

ar  =  Pr 


(2.21) 

(2.22) 

(2.23) 


(2.24) 

(2.25) 

(2.26) 

(2.27) 

(2.28) 


Writing  KVL  around  the  DC  link  and  solving  for  the  time  derivative  resuhs  in  the  one 
state  equation  contained  in  the  frequency  changer  model: 

%  =  T^[Vr  +  Vi  -  lU .  Idc  ]  (2.29) 

dt  Lie 


Equations  (2. 19)  -  (2.29)  constitute  the  rotating  reference  firame  model  of  the  dc-link 
frequency  changer  used  throughout  tins  analysis.  This  model  inputs  ac  nde  voltages  and 
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outputs  ac  side  currents.  The  rectifier  and  inverter  firing  angles,  control  the 
convoter  are  also  inputs  to  this  modd. 


23  Voltage  Regulator 

The  voltage  regulator  nxxld  is  a  standard  PI  type  controller  i^ch  varies  the  fidd 
exdtation  of  the  generator  in  response  to  changes  in  tominal  voltage.  The  terminal 
voltage  is  calculated  fi-om  the  d  and  q-axis  voltages  as: 

Vt=)v2  +  V2 


The  relator  dynamics  are  ^ven  by; 


Erf  K 
Vrf-Vi  xs+1 


(2.30) 


Where:  = Reference  terminal  volume 

-  Generator  field  excitation 
K  =  Voltage  regulator  gain 
t  =  Voltage  regulator  time  constant 

Satisfactory  values  of  K  and  t  have  been  determined  to  be  100  and  0.1, 
respectively.  This  model  also  includes  a  limiting  function  on  the  value  of  .  The  inputs 

to  this  model  are  the  D>axis,  Q-axis  and  refermce  terminal  voltages.  Its  output  is  the  fidd 

excitation. 
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2.4  Induction  Motor 


The  vast  nuyority  of  the  ship's  service  dectrical  load  on  any  ship  conasts  of 
induction  motors  which  power  various  pumps,  &ns  and  other  equipment.  In  order  to 
simulate  the  effect  of  a  large  transient  in  the  diip's  service  load  an  induction  motor  model 
was  developed  from  the  derivation  contained  in  [1 1],  The  equations  describing  the 
induction  motor  in  the  synchronously  rotating  reference  frame  are  given  by: 


=  0)0  •  (Vd  -r,  •  Id.  +  Vqi) 

(2.31) 

^^9  / 

-^  =  a)o(v,-r,.i^-\j/di) 

(2.32) 

^  =(<Do  a)«)Vqr+ 

(2.33) 

=  -  ((Do  -a)n.)  •  V*  +  •  (Vmq  -  Vt) 

(2.34) 

diDlll  OpQ  /*T*  .  'f'  \ 

dt 

(2.35) 

(2.36) 

(2.37) 

»*  =  j^Vdi-Vind) 

(2.38) 

(2.39) 

Te  =  (Vdi  •  i,,,  -  Vq,  •  idi) 

(2.40) 

where:  \|/,b  -  D-axis  stator  flux  linkage 
\|/qi  =  Q-axis  stator  flux  linkage 
\|/d^  =  D-axis  rotor  flux  linkage 
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\|/,r  -  Q-axis  rotor  flux  linkage 

Vmd  ==  D-axis  mutual  couplii^  flux  linkage 

tl/nq  -  Q-axis  mutual  coupling  flux  linkage 

The  inputs  to  this  model  are  the  tominai  voltages  and  medianical  torque,  the 
outputs  are  the  terminal  currents  and  rotor  speed.  Stator  transients  are  included  in  this 
model  to  eliminate  algdnaic  loops.  Primarily,  the  (fynamics  of  interest  are  the  rotor 
transients. 


2.5  Ship's  Service  Load 

Since  one  of  the  objectives  of  this  research  is  to  simulate  an  im^rated  electric 
drive  ship,  it  was  considered  necessary  to  include  the  ship's  service  load.  This  was 
developed  as  a  constant  power  load  using  the  concept  of  complex  power  [12].  In 
complex  form,  the  power  in  the  rotatii^  reference  flame  is  given  by: 


P+jQ  =  V  r  =  (vd  +  jv,) •  (id - jiq)  =  (Vdid+v,i,)+j(v,id-vdi,)  (2.41) 


Solving  for  i^  and  i,  yidds: 


id  = 


VdP  +  VqQ 

Vd+vj 


and,  iq  = 


VqP-VdQ 

Vd+vJ 


(2.42) 


This  results  in  a  model  with  voltages  as  inputs  and  currents  as  outputs.  P  and  Q  are  iiqnit 
parameters  wflich  are  set  to  desired  constants.  For  a  more  realistic  loading  i^ch  varies 
randomly  about  a  mean,  P  and  Q  can  be  made  random  variables  instead  of  constants. 
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2.6  Diesel  Engine 

Typical  models  of  diesel  engiiws  for  engine  analysis  found  in  the  literature  include 
the  dynamics  of  the  combustion  process,  as  wdl  as  the  thermodynamic  and  heat  transfer 
aspects  to  the  engine.  This  type  of  model  is  much  more  con^lex  than  is  necessaiy  for  the 
present  purposes.  Towards  that  end,  an  empirical  model  was  devdoped  which  models  the 
torque  output  of  the  engine  as  a  fenction  of  the  feel  rack  position,  engine  ^>eed  and  load. 

The  model  which  was  developed  is  based  on  rimilar  ones  by  Woodward  [14], 
Hendries  [IS]  and  Fowler  [16].  It  consists  primarily  of  an  engine  map  (fig.  2-3)  which 
determines  the  relationship  between  speed,  torque  and  fiiel  rack  position  and  the 
iq)propriate  time  delays.  The  time  delays  considoed  in  this  model  are  the  fiid  injection 
delay  and  the  turbocharger  lag. 

If  the  engine  receives  a  step  change  in  its  fuel  rack  position,  the  fuel  injection  delay 
arises  because  the  change  in  fuel  entering  the  cylinders  does  not  occur  untO  two  complete 
revolutions  of  the  crankshaft  (for  a  four  stroke  en^e)  have  occurred.  According  to 
Woodward  [14],  if  the  speed  is  not  varied  over  a  wide  range  this  delay  may  be 
approximated  as; 

Xf  =  ^  +  seconds  (2.43) 

where,  N  =  Engine  speed  (RPM) 

Q  =  Number  of  cylinders 
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Figure  2-3 
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FUEL  RATE- GAL/HR 


Since  this  engine  model  is  to  be  used  as  a  gen^or  set,  it  will  not  see  a  wide  range  of 
speed  variation  and  this  type  of  dday  can  be  conridered  adequate. 

It  would  be  desirable  to  use  a  "compressor  m^”  which  represents  the  pressure 
ratio  and  efficiency  of  the  turbocharger  compressor  as  a  fimction  of  mass  flow  rate  and 
turbocharger  speed  for  modeling  the  turbocharger  dyruunics.  However,  this  information 
was  not  available  fi'om  the  manuflicturer.  Instead  a  first  order  lag  time  constant  was 
developed  which  resulted  in  the  proper  time  scale  behavior  of  the  engine.  This  is  similar 
to  that  used  by  Fowler  [16].  Taylor  [17]  indicates  that  the  time  lag  of  a  turbocharger  is 
inversely  proportional  to  the  power  output  of  the  en^rre.  The  turbocharger  lag  is  given 


by: 

Kt 

^^"'(Tm  +  l) 

where,  Kj  ==  Empirical  Constant 
T„  =  Engine  output  torque 


(2.44) 


These  two  time  delays  are  then  summed  together  to  produce  the  total  time  lag  in 
output  torque  exhibited  by  the  engine.  The  resulting  dynamics  resemble  a  first  order  lag 
with  a  variable  time  constant.  Unfortunately,  dynamometer  test  data  was  not  available  for 
this  particular  engine,  so  a  quantitative  evaluation  of  the  model  was  not  nuule.  However, 
the  speed  and  torque  response  characteristics  of  this  model  compared  favorably  with  those 
of  [25]  and  [26]  on  a  qualitative  basis. 
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2.7  Diesel  Engine  Governor 

In  order  to  use  the  diesel  engine  as  a  generator  prime  mover,  a  ^)eed  regulating 
governor  was  developed.  The  diesel  engine  model  described  above  uses  the  fud  rack 
setting  as  its  control  input.  The  governor  which  was  devdoped  is  a  PID  type  controller 
which  acts  on  an  error  signal  created  by  comparing  the  actual  shaft  speed  with  the  desired 
speed  of  the  engine.  Its  output  is  the  fiid  radc  po^on.  The  governor  can  be  represented 


as: 

u  _  ks 
®  xs+1 

where:  u  =  fuel  rack  position 
e  =  ^)eed  error  signal 
k  =  controller  gain 
X  =  controller  time  constant 
s  -  Laplace  operator 


(2.45) 


The  PID  controller  was  chosen  over  a  PI  controller  due  to  the  slow  response  of 
the  diesel  engine  which  can  be  attributable  primarily  to  the  turbocharger  dynamics.  When 
tuned  to  the  particular  engine  being  used,  the  gun  and  time  constam  values  were 
determined  to  be  2  and  0.2  respectively.  This  modd  also  includes  a  limiting  function 
which  only  allows  the  fuel  rack  position  to  vary  from  zero  to  one  as  would  be  the  case  in  a 
real  engine. 


2.8  Gas  Turbine  Engine 

The  gas  turbine  engine  model  that  was  used  has  been  provided  to  the  author  by 
code  2753  of  the  Naval  Surftce  Warfare  Center  (NSWC)  detachment  Annapolis,  MD.  It 
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is  based  on  a  detailed  thermodynamic  model  of  the  General  Electric  LM-2500  marine 
engine  ^ch  was  developed  using  manii&cturer*s  test  bed  data.  This  model  consists  of 
four  parts; 

1)  The  gas  generator  and  power  turbine  module  characterizes  the  two  rotating 
shafts  in  the  engine.  When  the  compressor  inlet  temperature,  pressure  and  fud 
flow  rate  are  input,  this  model  calculates  the  torque  and  speed  of  both  the  fi-ee 
turbine  which  drives  the  compressor  and  the  power  turbine  which  drives  the  output 
shaft. 

2)  The  nuin  fuel  control  module  emulates  the  dynamics  of  the  fuel  system  on 
the  engine.  It  calculates  the  fuel  flow  rate  as  a  function  of  compressor  inlet 
temperature,  discharge  pressure,  speed  and  power  levd  angle  (PLA)  actuator. 

3)  The  standing  electronics  enclosure  (FSEE)  module  models  the 
dynamics  of  the  controller  which  is  supplied  as  part  of  the  engine  installation.  It 
determines  the  PLA  as  a  function  of  throttle  input  command,  power  turlnne  shaft 
speed  and  inlet  pressure  and  compressor  inlet  temperature  and  pressure. 

4)  For  use  as  a  generator,  a  limited  PI  type  controller  is  used  to  maintain  the 
power  turbine  shaft  speed  at  a  constant  3600  rpm. 

W^th  the  exception  of  the  speed  controller,  all  of  the  modules  use  lookup  tables  to  relate 
the  input  and  output  variables.  The  lookup  tables  are  based  on  manufacturer’s 
performance  data  from  a  real  engine.  Configuration  and  operational  details  of  this  engine 
can  be  found  in  reference  [18].  Although  this  model  is  more  detailed  than  actually 
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required  for  the  control  studies  conducted  herein,  it  is  a  proven  accurate  model  of  the 
most  common  gas  turbine  engine  found  in  U.S.  Navy  ships.  In  orda  to  diminate 
duplication  of  effort,  this  model  was  used  without  changes. 

2.9  Mechanical  Load 

A  simple  polynomial  type  mechanical  load  was  used  during  the  software  testing 
phase  to  apply  a  load  to  the  various  prime  movm  and  electric  motors.  This  load  is 
represented  as; 

T  =  a-<D^  +  b*(D  +  c  (2.46) 

where:  T  =  load  torque 

(0  -  per  unit  rotational  speed 
a  -  coefficient  of  speed  squared  term 
b  -  coefficient  of  linear  term 
c  =  constant  term 

The  coefficients  are  varied  as  necessary  to  exercise  the  model.  This  was  written  primarily 
as  a  convenience  to  allow  running  various  loading  conditions  without  recompiling  the 
computer  model  being  tested.  The  speed  squared  term  allows  the  sinnilation  of  ship 
propulsion  or  loading  on  electric  motors. 

2.10  Ship  Seaway  dynamics 

The  ship  seaway  dynamics  model  was  also  provided  to  the  author  by  code  2753  of 
NSWC  Annapolis.  This  program  models  the  propeller  and  hydrodynamic  characteristics 
for  a  ship  hull  moving  through  the  water  in  one  degree  of  fiieedom.  The  hull  resistance. 


33 


the  propeller  torque,  and  the  propeller  thrust  characteristics  have  been  per  unitized.  The 
characteristics,  torque  and  thrust  are  represented  as  functions  of  per  unit  ^p  speed  and 
per  unit  propeller  diaft  speed.  The  ship  hull  resistance  function  is  characterized  uring  a 
10th  order  polynomial  to  fit  the  actual  ship's  data.  This  model  also  includes  the  fiiction 
torque  function  for  the  propeller  shafts  associated  with  the  ship  hull.  The  inputs  are  shaft 
speed  in  RPM  on  both  shafts  and  the  outputs  are  the  shaft  torque  values.  This  model  also 
allows  the  inclurion  of  a  seaway  loading  on  the  propeller.  This  is  a  very  important  feature 
since  the  time  varying  torque  on  the  propulsion  motors  significantly  complicates  the 
control  problem.  This  will  be  discussed  more  thoroughly  later.  This  modd  has  also  been 
validated  so  it  is  used  without  change. 
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Chapter  3:  Interconnections 


To  emulate  a  complete  dectric  propuiaon  system,  H  is  necessary  to  connect  the 
various  component  modds  together  so  that  the  simulation  modd  resend>les  the  actual 
^em.  Assembfy  of  the  computer  modd  requires  adherence  to  both  the  phyacal  laws 
vriiich  describe  the  system  as  wdl  as  constraints  inq)osed  1^  the  numerical  implementation 
of  the  modds  on  the  computer.  Since  the  phyacal  system's  electrical  components  are 
interconnected  by  transmisaon  lines  and  switchboards,  it  is  first  necessary  to  devdop  a 
nK)dd  for  the  transmission  line.  Switchboards  are  treated  in  the  simulations  as  lossless 
switches  and  any  losses  that  may  be  assodated  with  the  switchboards  are  lumped  into  the 
transmission  line  modds. 


3.1  Transmissioii  Line  Modd 

The  transmisaon  line  model  used  in  all  analyses  is  sinqrly  a  balanced  three  phase 
series  R-L  demon  as  shown  in  figure  3-1.  The  voltage  drop  across  the  transmission  line 
is; 


Y,-V,=L-3+R-I  (3,1) 

Where; 


V.1 

Vu 

i* 

Vbi 

3* 

II 

Vm 

.  1= 

ib 

.  >«  . 

1  m  m 
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m  1  m 

.R  = 

0  r  0 

m  m  1  _ 
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The  off-diagonal  terms  in  the  inductance  matrix  represent  the  mutual  coupling  between  the 
phases.  Transforming  this  into  the  rotating  reference  frame  using  equation  (2. 1)  yidds; 


\I  \f  —  X  di^  0)  ;  ,  ; 

If  1  r  X  (D 

Where;  X  =  Oo  •  (1  “  ™) 


(3.2) 

(3.3) 


Figure  3-1 


Shipboard  transmission  lines  tend  to  have  very  small  resistance  values  in 
comparison  to  commercial  distribution  ^sterns,  primarily  due  to  thdr  shorter  loigth.  For 
this  reason  the  renstance  terms  in  equations  (3.2)  and  (3.3)  can  be  n^ected  without  loss 
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of  accuracy.  Similarly,  since  x  is  smaU  and  4- «  a>,  (Do  for  the  time  scale  of  interest,  the 

dt 

transformer  volt(^  terms  may  also  be  ignored  leaving  only  the  speed  volt<^e  terms.  For 
the  transmission  lines  that  operate  at  bus  frequency,  we  can  fiirther  assume  that  o  « (Do, 
which  is  the  iq)proach  taken  in  [12].  The  reduced  ordor  transmission  line  model  then 

becomes: 


Vi<i-V2a  =  -x-i. 

(3.4) 

Viq-V2,=  xia 

(3.5) 

This  model  is  used  to  interconnect  generators  and  loads  via  the  main  propulsion  bus. 

3.2  Physical  and  Numerical  Considerations 

The  electrical  component  models  must  be  interconnected  such  that  Kirchoff  s 

voltage  and  current  laws  (KCL  and  KVL)  are  obeyed.  As  mentioned  previously,  this  leads 
to  algebraic  constraint  equations  in  addition  to  the  state  equations  contained  in  the  various 
component  models. 

Besides  these  physical  constraints,  when  modeling  the  system  on  the  computer  all 
variables  must  be  explicitly  calculated  as  a  function  of  other  variables  somewhere  within 
the  simulation.  Put  more  simply,  every  variable  must  appear  on  the  left  hand  ade  of  the 
equals  sign  exactly  once  in  the  simulation.  As  a  result  of  this  constraint,  each  component 
model  has  certain  inputs  and  outputs.  When  cormecting  two  models  together,  this 
input/output  relationship  must  be  taken  into  account,  in  addition  to  satisfying  KCL  and 
KVL. 
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In  the  case  of  two  components  connected  electrically,  it  is  very  straightforward  to 
satisfy  the  numerical  and  physical  constraints  simuhaneoudy.  If  one  component  uses 
voltage  as  its  input  and  calculates  its  required  current  from  that  voltage,  and  the  other 
component  uses  current  as  its  input  and  calculates  a  terminal  voltage  from  its  terminal 
current;  then  by  setting  the  terminal  currents  and  voltages  of  the  two  components  equal  to 
each  other  all  constraints  are  satisfied.  This  assumes  that  the  terminal  variables  of  at  least 
one  of  the  components  are  related  through  one  or  more  state  variables.  This  is  the  case 
when  the  frequency  changer  model  is  connected  to  the  synchronous  motor  model.  The 
motor  inputs  currents  and  outputs  voltages,  whereas  the  fi^uency  changer  inputs 
voltages  and  outputs  currents.  Furthermore,  the  fipequency  changer's  AC  side  current 
output  is  a  function  of  the  DC>link  current  (a  state  variable)  and  the  thyrister  firing  angle. 
The  problem  becomes  more  difficult  when  three  or  more  components  are  to  be 
interconnected. 

With  multiple  components  connected  to  the  same  bus,  the  difficulty  of  the  problem 
depends  on  what  the  input  and  output  variables  of  each  component  are.  In  general,  for  a 
bus  KCL  can  be  written  as:  (d-axis,  q-axis  is  simUar) 

idgi  +  idg2  ^ - 1"  idgn  —  idll  +  idl2  +  '  ’  'idbn 

where  there  are  n  generators  and  m  loads  attached  to  the  bus.  This  can  be  solved  for  any 
one  of  the  currents  if  all  the  other  currents  are  known  (i.e.,  outputs  of  their  respective 
component  models).  Equations  (3.4)  and  (3.5)  can  be  used  to  relate  the  terminal  voltage 
of  each  component  to  the  bus  voltage.  This  represents  a  set  of  2*(n+m+I)  equations  with 
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2*(ii-HiH-l)  unknowns.  The  easy  solution  to  this  problem  is  when  there  is  exactly  one 
component  attached  to  the  bus  which  inputs  current  and  outputs  voltage.  In  this  case 
equation  (3.6)  can  be  solved  for  that  component's  currents,  and  its  corre^nding 
transmission  line  voltage  equations  can  be  solved  for  the  bus  voltages.  Once  the  bus 
voltage  is  known,  the  terminal  voltages  of  all  otlwr  components  can  be  calculated  directly. 
This  is  exactly  the  case  that  occurs  in  the  sterns  simulated  with  one  generator  operating. 

In  the  case  of  multiple  generator  operations,  the  bus  configuration  has  numerous 
components  (the  generators)  which  require  currents  as  inputs  All  load  models  have  been 
configured  with  voltages  as  inputs.  Equation  (3.6)  can  no  longer  be  explicitly  solved  since 
it  has  several  unknown  quantUies,  so  anotha*  method  for  determining  the  bus  voltage  and 
generator  currents  must  be  found. 

One  approach  is  to  modify  the  transmisaon  line  equations  for  all  generators  except 
one.  This  is  accomplished  by  solving  equations  (3.2)  and  (3.3)  for  the  time  derivatives, 
making  the  currents  state  variables.  Ahhough  this  method  can  be  made  to  woric,  h 
introduces  a  set  of  very  fast  eigenvalues  that  control  the  time  step  size  of  the  simulation. 

It  also  is  very  sensitive  to  the  transmission  line  impedance  value  and  tends  to  introduce 
numerical  instabilities  into  the  system.  Because  of  these  difficulties,  this  method  was  not 
chosen  to  conduct  two  generator  simulations. 

Another  approach  is  to  use  equations  (2.12)--(2.18)  with  currents  as  inputs  for  one 
of  the  generators,  and  equations  (2.3)--(2. 10)  with  voltages  as  inputs  Ssr  the  other 
generators.  This  reintroduces  the  stator  transients  into  the  system  for  all  the  generators 


except  one,  and  is  similar  to  the  above  method.  While  the  stator  tranaents  are  fast 
eigenvalues,  they  are  not  as  &st  as  those  introduced  by  the  transformer  voltages  in 
the  transmission  line.  However,  this  method  also  se«ns  to  suffer  from  numerical  stability 
problems  of  unknown  origin.  This  method  was  not  used  for  conducting  two  generator 
simulations. 

A  third  approach  is  simply  to  solve  the  set  of  transmission  line  and  stator  voltage 
equations  implicitly  along  with  the  current  equations.  ACSL  has  a  built-in  function  to 
solve  this  type  of  implicit  loop  based  on  the  Newton-Raphson  method  for  solving 
simultaneous  equations.  Although  the  Newton-Raphson  method  in  general  is  not  always 
convergent  [19],  in  this  case  the  set  of  equations  which  must  be  solved  is  linear  and  no 
convergence  problems  were  encountered.  This  method  of  solving  the  algebraic  loop  is 
preferred,  and  was  used  for  all  two  generator  simulations. 

Since  the  system  of  equations  is  linear,  it  would  also  be  possible  to  explicitly  solve 
the  system  by  collecting  the  equations  togethw  into  a  single  vector  equation  and  inverting 
the  coefficient  matrix.  Although  the  matrix  inversion  would  probably  be  faster  than  the 
implicit  solution,  ACSL  doesn't  handle  matrix  operations  very  eloquently.  The  result  of 
this  approach  is  that  the  object  oriented  structure  of  the  simulation  models  would  be 
compromised. 

A  fourth  method  for  breaking  the  algdjraic  loop  is  simply  to  leave  the  loop  in  the 
simulation.  This  allows  the  computer  to  calculate  the  variables  algd>raically  in  the 

sequence  in  which  they  occur  in  the  simulation.  For  example,  given; 

v,i  =  fCi,i)  and  i,i  =  f(Vgi), 
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the  aimilation  calculates  these  variables  at  eadi  time  stq>  as: 

vji*  =  f(iSi)  and  =  f(vy‘) . 

This  is  effective  a  first  order  Euler  int^ration  of  v  and  i.  Accordii^  to  Crandall  [20], 
the  error  of  this  method  is  on  the  order  of  A  (the  step  size),  whidi  is  kept  bdow  .01 
seconds  in  the  simulations.  If  the  variables  v  and  i  are  on  the  order  of  one,  then  this 
method  is  conridered  accurate  enough  for  the  purpose  at  hand.  The  ship's  service  load 
model  described  in  chapto*  2  uses  this  method  to  calculate  its  required  currmt  fiom  its 
terminal  voltage.  The  riup  dynamics  modd  also  uses  this  method  for  calculating  ship 
q)eed  when  a  seaway  is  invoked. 

3.3  Per-imitizatioii 

All  the  dectrical  modds  described  in  chapter  2  have  been  per-unhized.  The  choice 
of  base  values  for  per-unitization  is  arbitrary,  but  is  usually  sdected  to  be  the  rated  voltage 
and  power  when  woridiig  with  a  tingle  component.  When  several  components  of  different 
ratings  are  connected  in  a  ^on,  one  common  base  must  be  used  throu^XMit  the  ^em. 
For  this  research,  this  common  base  was  chosen  to  be  the  rated  values  fi}r  the  jjNopultion 
motor. 

In  the  actual  system,  the  voltage  must  be  the  same  throughout  or  transformers 
must  be  supplied  to  connect  components  vduch  operate  at  different  voltages.  If  the  base 
voltages  are  chosen  in  the  same  ratio  as  the  transformer  turns  ratio  for  two  conqxments 
connected  throu^  a  transfi)mier,  then  the  ideal  transformer  can  be  diminated  fixmi  the  per 
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unit  model  of  the  ^em  [21].  Howevo',  ance  the  currents  are  rdated  across  a 
transformer  by  the  inverse  of  the  turns  ratio,  the  currents  in  the  per  unit  ^em  must  be 
converted  from  one  base  to  another.  The  per  unit  base  conversions  are  ^ven  by: 


VA^  =  vyw..y^ 

(3.7) 

(3.8) 

,  T  VAb***,i 

W  -  pu.1 

(3.9) 

(3.10) 

Equation  (3.9)  is  used  to  convert  the  terminal  currents  of  the  generators  to  the  propulsion 
motor  base  in  all  simulations. 


3.4  System  Configurations 

There  are  two  configurations  which  have  been  considered  during  this  researdi. 
They  are  both  based  on  the  system  outlined  in  figure  1-1.  The  first  system,  known  as 
"^em  r  uses  only  one  generator  to  provide  dectrical  power.  It  is  rq)resemed 
schonatically  in  figure  3-2.  The  imerconnection  equations  for  this  syston  are; 


i«%i  = 


2  •  i^'i  +  idu 


Id 


glml 


2'iqrl+iq|2 

•Oglml 


(3.11) 

(3.12) 
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Vdbui  =  Vdfci  +  •  Xgi  (3.13) 

v^bw  =  v^i  -  i*i  •  Xgi  (3. 14) 

Vdrt=Vdbi.+iTi-Xrt  (3.15) 

Vq^l  =  Vqibw  —  i^l  •  Xfl  (3.16) 


coiivera(»i  fiuXor  for  ^noator  #1. 

Note  that  the  value  of  Xq  has  beat  taken  as  zero  ance  the  reactance  of  this  transmissiiMi 
line  can  be  accounted  for  in  the  power  fiictor  of  the  ship's  service  load. 


Figure  3>2 
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Figure  3-3 

The  second  system,  or  2"  uses  two  gmeratCHS  and  is  pictured  in  figure 
3-3.  One  ofthe  generators  is  driven  by  a  gas  tuit^  and  the  other  is  driven  by  a  diesd 
engine.  The  interconnection  equations  oftbis  system  are  given  by: 


Vdbui  =  V4|i  +  iqgi  •  Xgi 
Vqbui  —  Vqgi  —  iqgi  •  Xgi 


Iqgl  = 


(Y4.2-V«-1 
Xg2  '  kiglml 

rVoa  “  Vahnil 


*<%!  =  ^  ^  r:  ^  " 

Xgi  •  kig]iiii 

VdrI  =  Vdbwl  +iTl  •  *rl 
Vqrl  —  Vqbw  ~  i*I  ’  Xfi 


Iqgi  = 


bigiaul 


(3.17) 

(3.18) 

(3.19) 

(3.20) 

(3.21) 

(3.22) 

(3.23) 
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Where:  ki^.  ”  per  unit  base  coaversKMi  factor  fiy  generator  #2. 


Both  of  the  systems  simulated  for  control  studies  use  only  one  propulsion  motor  / 
frequmcy  convato*  condonation.  This  simplification  was  made  to  reduce  conqnitii^  time 
as  all  simulations  were  carried  out  on  a  perscMud  conqniter.  To  properly  amulate  the  load 
on  the  generators,  the  rectifier  curmts  have  been  multiplied  by  a  fiudor  of  two  in 
equations  (3.1 1),  (3.12),  (3.24)  and  (3.2S)  above.  The  only  constraint  placed  on  the 
system  by  this  simplification  is  that  maneuvering  situations  vriiere  each  shaft  is  turning  at 
difaerait  speeds  (or  directions)  cannot  be  simulated.  It  is  not  necessary  to  Emulate  sudi 
atuations  for  the  presoit  studies,  howewH'  it  is  a  ample  programming  duuoge  to  add  the 
second  propulsion  motor  if  sudi  studies  are  undertaken  at  a  later  date.  To  verify  this 
crqrability,  some  simulations  were  run  with  two  propulsion  motors  attached  to  the  bus  with 
no  problems  encountered.  The  results  of  these  armilations  are  presented  in  qrpendix  C. 
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Chapter  4:  Control  Studies 


With  system  modding  completed ,  H  becomes  possible  to  study  the  dynamic 
behavior  of  an  int^rated  shipboard  electrical  drive  and  power  distribution  system.  The 
aim  of  conducting  control  studies  is  to  detomine  in  general  what  type  of  controls  are 
necessary  to  stabilize  the  system  and  provide  adequate  performance  from  an  operational 
standpoint. 


4.1  Inputs  and  Outputs 

As  mentioned  in  the  introduction,  there  are  several  control  inputs  to  the  system. 

The  primary  controls  are: 

•  Generator  prime  mover  fuel  rate. 

•  Generator  field  exdtation. 

•  Motor  field  excitation. 

•  Rectifier  and  Inv«ter  thyrister  firing  angles. 

In  addition  to  these  controls  there  are  other  inputs  vdiich  afiect  the  system  sudi  as  sensor 
noise  and  plant  disturbances.  The  most  significant  form  of  plant  disturbance  is  sea  state 
induced  variation  in  ship  speed.  This  is  the  only  disturbance  which  will  be  treated  in  this 
prdiminary  study.  Sensor  noise  will  not  be  addressed  herein. 

Additiorudly,  there  are  several  observable  outputs  of  the  system.  Hie  outputs 

i^ch  we  are  interested  in  controlling  are: 

•  Bus  voltage. 

•  Bus  frequency. 

•  Motor  torque. 

•  Motor  speed. 

•  Ship  Speed. 
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4.2  Voltage  and  Frequracy  Control 

The  prime  movo*  fiid  rate  is  used  to  control  qrstem  fifequoicy.  This  is 

accomplidied  by  the  ^)eed  govarnor.  The  vohage  regulate  uses  the  generator  fidd 
ecdtation  to  control  the  bus  voltage.  Both  of  these  variables  are  controlled  in  closed-loop 
fiishion  by  the  simple  P-I  type  controllers  desoibed  in  ch^ter  2.  The  objective  for 
controlling  bus  frequency  and  voltage  is  to  maintain  both  at  thdr  constant  set  poim  values. 
For  U.S.  Navy  ships,  the  requirements  for  dectric  power  generation  are  found  in 
MIL-STD-1399.  Table  4-1  summarizes  the  vohage  and  frequency  requirements  contained 
therdn. 


Frequency 

Voltage 

Nominal 

60  Hz 

440/115  Vohs 

Steady  StateTolerance 

±3% 

±5% 

Trandent  Tolerance 

±4% 

±  16% 

Worst  Case  Excursion 

±5.5% 

±20% 

Table  4-1 


4.3  Control  of  Inverter  fed  Motor 

The  propuldon  motor  speed  and  torque,  and  consequently  the  ship's  speed  are 

controUed  by  the  rectifier  and  inverter  firing  angles  and  the  motor  fidd  excitation.  The 
foUowing  sections  describe  various  schemes  for  controlling  the  propulrion  motor  / 
frequoicy  changer  combination. 
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4.3.1  Open  Loop  Volts/Heiiz  Control 

This  m^hod  of  control  is  the  one  method  true  syndironous  operation  with  an 

inverter-fed  synchronous  motor.  In  this  method  of  control,  the  inverter  frequency  is  a 

control  input  which  uniquely  determines  the  madune  speed.  As  the  load  torque  changes, 
the  dectromagnetic  torque  is  developed  by  changes  in  the  load  angle  S.  This  is  analogous 
to  the  operation  of  a  synchronous  motor  attached  to  a  conventional  constant  frequency 

supply.  This  type  of  control  is  used  in  vohage-fed  inverters  where  the  terminal  voltage  of 

the  motor  can  be  controlled  in  proportion  to  the  supply  frequawy.  By  maintaining  a 

constant  volts/hertz  ratio  at  the  motor  terminals,  the  airg^  flux  of  the  machine  remains 

constant  and  maximum  torque  is  developed  at  aU  speeds. 

The  main  advantage  of  this  method  is  that  accurate  control  of  machine  speed  can 

be  achieved  at  all  speeds.  This  control  method  is  commonly  used  with  permanent  magnet 

and  variable  reluctance  maclunes.  Open  loop  control  is  not  suitable  for  ^)plications  with 

high  dynamic  performance  requirements,  and  consequently  is  not  considered  for  ship 

propulsion  applications  [9]. 

4.3.2  Self-Controlled  Synchronous  Motors 

This  type  of  motor  is  also  known  as  an  dectronically  commutated  motor  (ECMX 

or  a  brushless  dc  motor  because  the  torque-:^)eed  diaracteristics  of  the  motor  are  similar 
to  that  of  a  mechanically  commutated  dc  motor.  The  inverter  bridge  replaces  the 
mechanical  commutator,  making  the  terminal  characteristics  at  the  dc  side  of  the  inverter 
identical  to  that  of  a  mechanically  conunutated  motor. 
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The  self  control  method  is  a  closed>loop  scheme  where  the  inverter  fiequency  is 
slaved  to  the  rotational  speed  of  the  motor.  This  is  accomplished  by  the  use  of  a  po^on 
smsor  on  the  motor  to  generate  the  inverter  firing  pulses.  Some  ^sterns  have  replaced 
the  position  soisor  with  algorithms  vdiidi  determine  the  rotor  position  fix>m  the  terminal 
voltages  of  the  motor  [22].  By  u^g  the  rotor  po^on  to  trigger  the  inverter  firing,  the 
motor  cant  fell  out  of  step  with  the  supply.  This  type  of  control  is  applicable  to  voltage  or 
current-fed  inverters  as  well  as  cycloconverters.  Permanent  magnet,  variable  reluctance  or 
conventional  wound  rotor  synchronous  motors  may  be  controlled  in  this  manner. 

bi  high  power  applications  such  as  ship  propulsion,  this  method  is  most  commonly 
used  with  the  LCI-fed  synchronous  motor.  The  dectromagnetic  torque  of  the  motor  is 
directly  proportional  to  the  dc-link  current  in  this  configuration.  The  motor  speed  is 
determined  by  the  balance  between  the  electromechanical  and  load  torques. 

Consequently,  the  control  system  usually  consists  of  a  two-loop  arrangement  with  the 
inner  torque  control  loop  controlling  the  dc-link  current  and  the  outo-  loop  controlling  the 
speed  of  the  motor. 

The  rectifier  firing  angle  is  the  control  variable  which  is  used  to  control  the  dc-link 
current.  The  field  excitation  of  the  motor  is  controlled  to  maintain  a  constant  airgap  flux, 
providing  constant  torque  output  for  a  given  current  level.  This  arrangement  is  pictured 
schematically  in  figure  4-1 . 

The  load  commutated  inverter  is  most  commonly  found  on  high  power 
applications  since  it  is  simpler  in  construction  and  exhibits  lower  power  losses  than  forced 
commutated  inverters  [23].  It  is  limited  by  the  fact  that  it  requires  the  motor  to  operate  at 
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8  leading  power  fector  to  ensure  thyrister  conunutadon.  Additionally,  at  low  speeds 
(below  about  10%  of  rated)  the  back  EMF  generated  by  the  nK)tor  is  insufficient  to  ensure 
thyrister  commutation  and  some  method  of  forced  commutation  must  be  employed.  The 
simplest  method  of  accomplishing  this  without  introducing  additional  drcuit  demoits  is  to 
pulse  the  dc-link  current  on  and  off.  This  does  produce  large  pulsating  torques,  but  in  ship 
propulsion  applications,  that  is  not  consido^  to  be  a  sorious  drawback. 


Figure  4-1 


While  the  rectifier  firing  angle  is  used  to  control  the  motor  torque,  the  inverter 
firing  angle  can  be  used  to  control  the  position  of  the  stator  current  waveform  rdative  to 
the  stator  voltage,  thus  controlling  the  power  fiu:tor.  This  is  known  as  constant  mar;^ 
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angle  control  and  is  one  of  two  control  schemes  used  in  the  ^ulations  for  control  of  the 
inverter  firing  angle.  The  other  is  simply  to  keep  the  inverter  firing  angle  constant. 

C)b>dously,  the  constant  firing  angle  control  is  easier  to  realize,  however  the 
constant  margin  angle  control  offers  several  advantages.  With  constant  margin  angle 
control,  the  inverter  firing  angle  and  field  excitation  are  controlled  in  unison  to  maintain 
the  stator  flux  at  a  constant  value  as  shown  in  figure  4-2.  By  maintaining  the  flux 
relationship  shown  in  this  phasor  diagram,  the  leading  power  factor  required  for  load 
commutation  is  ensured  under  all  load  conditions.  This  is  not  the  case  with  constant  firing 
angle  control.  Also,  with  constant  firing  angle  control  the  power  factor  angle  becomes 
quite  large  in  the  lightly  loaded  condition.  Tlus  causes  excessive  VAR  loading  on  the 
inverter  [9]. 


Figure  4-2 
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4.3.3  Vector  Controlled  Synchronous  Motors 

This  type  of  control  is  also  known  as  field  oriented  control.  Vector  control 

de-couples  the  field  current  fi-om  the  torque  component  of  stator  curroit  as  is  the  case  in 
mechanically  commutated  dc  machines.  This  can  be  accomplished  on  an  electronically 
commutated  machine  by  operating  at  unity  power  fiurtor.  Since  the  LCI  drive  requires  a 
leading  powo*  fiictor  to  ensure  thyrister  commutation,  vector  control  is  not  possible  with 
the  LCI  drive  [23]. 

The  primary  purpose  of  using  vector  control  over  a  self-controlled  machine  is  to 
provide  faster  time  response.  For  ship  proputaon  applications,  the  improved  response  is 
not  needed  because  the  ship  dynamics  are  slower  than  the  electrical  dynamics  and  are  the 
controlling  factor  in  determining  the  motor's  speed  response.  For  these  reasons,  this  type 
of  control  was  not  considered  for  use  in  the  present  simulations. 

4.3.4  Motor  Control  for  Ship  Propulsion 

All  of  the  control  schemes  outlined  above  have  been  developed  for  applications 

where  precise  speed  control  of  the  motor  is  required.  Precise  speed  control  of  the 
propulsion  motor  is  not  required  or  even  desired  in  shipboard  applications.  This  is  due  to 
the  nature  of  the  loading  on  the  motor.  The  motor  sees  a  load  torque  which  is  a  quadratic 
function  of  speed  in  the  steady  state,  but  varies  about  its  mean  value  as  the  ship  encounto^s 
waves.  This  variation  in  loading  is  caused  by  the  ship  motions  in  the  seaway  and  can 
become  veiy  significant  in  heavy  sea  states. 

One  approximation  for  this  loading  is  used  in  the  ship  dynamics  model  described  in 
chapter  2.  This  approximation  assumes  a  single  frequency  sea  induced  anusoidal  variation 
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of  the  ship's  speed.  While  this  is  a  crude  approxiination  at  best,  it  does  manage  simulate 
the  m^or  influence  the  seaway  has  on  the  propulaon  ^stem,  that  of  the  time  varying 
nature  of  the  ship’s  speed  as  it  traverses  over  large  ground  swells.  This  approximation 
does  not  account  for  any  propeller  radng  which  sometimes  occurs  as  a  result  of  the  ship's 
pitclung  and  rolling  in  a  heavy  sea  state.  It  also  does  not  account  for  the  random  nature 
and  nuuiy  frequencies  of  waves  which  make  up  a  seaway. 

Figure  4>3  shows  a  simulation  run  \Mth  a  standard  self-controlled  synchronous 
motor  drive  system.  The  outer  speed  control  loop  uses  a  P-I  type  controller  to  maintain 
the  motor  speed.  Note  that  the  sinusoidal  variation  in  ship  speed  shows  up  in  the  trace  of 
motor  torque.  This  variation  propagates  back  through  the  electrical  system  causing  a 
similar  variation  in  the  generator  loading.  Another  simulation  run  with  a  different  wave 
frequency  was  able  to  excite  one  of  the  natural  modes  of  the  gas  turbine  engine  and  cause 
a  frequency  oscillation  as  well.  With  this  type  of  loading  on  the  propulsion  motor,  it 
would  be  difficult  if  not  impossible  to  maintiun  the  power  requirements  in  table  4-1  even  in 
the  steady  state. 

One  solution  to  this  problem  would  be  to  adjust  the  gain  and  time  constant  on  the 
speed  controller  so  that  the  sea  induced  load  variation  is  faster  than  the  response  of  the 
controller  and  would  be  attenuated  as  noise.  The  problem  with  this  approach  is  that  this 
requires  a  time  constant  on  the  order  of  30+  seconds  which  would  result  in  a  very  slug^sh 
response  to  changes  in  the  commanded  speed  input  from  the  ship's  bridge.  On 
supertankers  or  Navy  re-supply  ships  this  type  of  response  may  be  tolerated,  however  it  is 
«q)ected  that  combatant  ships  be  able  to  stop  and  change  speeds  quickly. 
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To  solve  this  problem  of  conflicting  requirements,  a  two  mode  controller  was 
developed  which  has  a  sluggish  low  gain  band  in  the  vicinity  of  zero  speed  error  and  a  fiist 
high  gain  re^nse  outside  of  this  band.  The  low  gain  region  allows  the  motor  speed  to 
vaiy  in  response  to  the  sea  induced  loading  variations  while  minimizing  its  effect  on  the 
main  electrical  bus  and  generators.  The  high  g^  region  ensures  a  quick  response  to 
operator  input.  Figure  4-4  shows  a  block  diagram  representation  of  the  two  mode  motor 
control  used  in  the  ^ulations.  Figure  4-5  shows  the  response  of  the  two  mode  controller 
to  the  same  loading  condition  as  that  of  figure  4-3.  The  two  mode  controller  was  used  for 


all  subsequent  simulations. 
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Chapter  5:  Results  and  Conclusions 


5.1  Simnbitioii  Resnlls 

Numenm  shmilatkms  were  c<mdiicted  to  verify  the  operatkm  of  the  c(»q)uter 
modds  and  to  evaluate  the  proposed  control  adiemes.  Both  of  the  two  systems  outlined 
in  diapter  3  were  evaluated  with  shnilar  results.  The  following  sections  desaibe  some  of 
the  spedfic  emulation  runs.  Conq)iete  gnq)hical  results  are  located  in  appendix  D. 

5.1.1  Two  Generator  Ship:  Acceleration  From  Rest 

In  this  run,  the  ship  is  sinq)fy  accderated  frran  rest  to  a  q>eed  of  0.9  per  unh. 

After  nmning  the  simulation  ftn  IS  seconds  to  settle  out  the  gas  turlrine  ^)eed,  the  shaft 
q)eed  input  setting  is  changed  fiomO.OS  per  unit  to  0.9  per  unit.  This  change  in  desired 
speed  setting  causes  the  dc-link  current  to  increase  to  its  maximum  value,  foDowed  by  the 
motor  terminal  currents.  The  motor  q)eed  rises  to  about  O.S  per  unit  in  4>S  seconds,  then 
it  accderates  at  the  same  rate  as  the  ship  q)eed  increases  as  shown  in  figure  S>1. 

Similarly,  the  motor  terminal  voltage  builds  up  with  the  motor  q)eed.  This  is  what  would 
be  esqjected  given  the  fiarm  of  the  motor  and  slop  dynamics  modds.  The  two  mode 
control  switches  into  the  "fi»t  nnode"  vdien  the  iqxit  cmnmand  is  given.  It  swhdies  back 
to  the  slow  nx)deidien  the  motor  ^)eed  error  is  rediK^ed  to  the  threshold  value  of  0.1  per 
unit.  There  is  no  seawi^  invoked  for  this  simulatiott. 
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5.1.2  Two  Generator  Ship:  Moderate  Sea  State 

This  simulatioii  was  described  in  chapter  4.  Currently,  the  threshold  value  for  the 
switch  from  "fost  mode"  to  "slow  mode"  has  been  optimized  ftH-  the  modoate  sea  state 
conditions  in  the  ship  dynamics  modd.  In  actuality,  this  threshold  would  be  nude 
someiKdiat  larger  to  allow  the  ship  to  operate  at  steady  state  in  any  sea  without  the  control 
system  switching  into  the  "fost  mode". 

The  threshold  value  is  now  amply  a  constant  value  of  q>eed  error.  Because  of  the 
low  gain  in  the  "slow  mode",  the  system  has  a  large  steady  state  error  vriuch  at  lower 
speed  settings  becomes  quite  agnificant.  A  different  technique  would  be  to  make  the 
threshold  value  a  constant  fraction  of  the  currait  deared  ^)eed  setting.  The  above 
simulation  was  repeated  after  making  this  modification.  The  results  at  low  speed  settings 
showed  improved  aeady  state  error,  however  at  higher  q)eed  settii^  the  syaem  would 
switch  back  and  forth  betweoi  the  fast  and  dow  modes.  With  a  little  fine  tuning  of  the 
conaants,  it  is  bdieved  that  this  technique  wtnild  work  quite  wdl. 

5.1.3  Two  Generator  Ship:  Crashback 

"Ciashback"  is  the  name  given  to  the  event  that  occurs  whoi  the  ship  is  travding 

ahead  at  a  high  rate  of  speed  and  reverse  speed  is  ordered.  This  is  the  equivalent  of 
slamming  on  the  brakes  in  an  automobile,  and  is  an  important  measure  of  the  numeuvering 
performance  of  the  ship.  It  is  also  the  harshest  transient  on  any  drive  system,  mechanical 
or  electric.  This  was  the  most  difficult  simulation  to  nm  dnce  it  involved  making  a 
sequence  of  events  occur  in  logical  steps  with  the  only  input  being  the  change  of  the  speed 
input  command. 
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This  simulatioii  b^ins  with  the  ship  operating  at  a  steacty  ^)eed  of  0.9  per  unh.  At 
T=11S  seconds,  the  speed  setting  is  changed  from  0.9  to  -O.S  per  unh.  Rrst,  the  rectifier 
firing  angle  is  set  to  90  degrees  which  causes  the  dc-hnk  current  to  decay  rqndly  to  zero. 
When  h  reaches  zero,  the  inverter  firing  angle  is  also  set  to  90  d^rees.  This  is  done  to 
keep  the  termiiutl  voltage  of  the  motcH'  fit>m  reverring  the  dolink  curroit.  These  arsons 
effective^  isolate  the  motor  fixrm  the  propulrion  bus. 

Next,  a  braking  reristor  is  applied  across  the  terminals  of  the  propuhdon  motor. 
This  is  initially  set  to  a  conductance  value  of  l.S  per  unit.  In  figure  S-2  this  can  be 
identified  by  the  first  peak  in  motor  torque  and  current.  The  motor  rapidly  slows  to  about 
0.2  per  unh  speed,  then  decays  slor^.  When  tlw  terminal  voltage  decays  to  0.3  per  unit, 
the  conductance  is  changed  to  5.0  per  unh  cauang  the  second  torque  peak  and  iqreed 
drop.  This  configuration  is  hdd  until  the  motor  speed  drops  to  0.04  per  unh. 

At  this  time  the  phase  sequence  of  the  inverter  is  reversed  and  the  rectifier  and 
inverter  firing  angles  are  returned  to  their  normal  controlled  values.  This  action  causes  the 
third  torque  spike  which  stops  the  motor  and  causes  it  to  reverse  directions.  As  the  motor 
continues  rotating  in  reverse,  the  ship  eventually  stops  and  reverses  direction  also.  This  is 
also  evidenced  in  figure  S-2. 

This  simulation  run  illustrates  very  weU  the  difficult  requirenwm  of  controlling  this 
type  of  ^em  such  that  the  operator  only  has  to  ^e  a  angle  input  to  achieve  the  desired 
result.  The  controls  demonstrated  here  are  aill  quite  rudimentary,  however.  The  torque 
trace  in  figure  S-2  shows  that  the  motor  is  over-torqued  when  the  braking  resistor  is 
engaged  and  when  its  value  is  changed.  A  bettCT  method  would  be  to  use  several  steps  of 
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resistor  values  to  prevent  this  ovo’-torque  problem.  A  more  sophisticated  system  would 
use  the  powo*  goierated  in  slowing  the  fnopulsion  motor  to  supply  the  ship's  service  load 
by  feedh^  it  back  to  the  bus  through  the  fiequency  changer.  This  has  been  discussed  at 
the  concept  levd  in  coi^ction  with  pulsed  power  weapons.  The  current  simulation 
models  are  enable  of  simulating  this  mode  of  operation  given  the  propo-  control  system. 
Another  feature  which  has  not  been  looked  into  is  limiting  the  rate  at  which  tlm  motor 
load  is  removed  from  the  bus.  Currently  it  is  ronoved  instantaneously  v^ch  can  cause  a 
generator  over-^)eed  shutdown  if  the  gmerator  is  highly  loaded  [24]. 

5.1.4  Two  Goienitor  Ship:  Generator  Failure 

As  the  name  implies  this  run  simulates  the  results  when  one  of  the  two  generators 
is  tripped  off-line.  Actually,  this  consists  of  two  different  runs.  The  reason  for  this  is  that 
the  results  are  quite  different  for  the  two  atuations.  In  both  cases  gmierator  #2  is 
disconnected  from  the  bus,  causing  generator  #1  (the  gas  turbine  generator)  to  pick  up  the 
entire  propulnon  and  ship  service  load. 

In  the  first  run,  the  speed  input  is  s^  to  0.5  per  unit.  At  T=15  seconds  the 
generator  §2  breaker  is  tripped,  causing  generator  #1  to  take  the  entire  load.  In  this  case, 
the  combined  propulnon  and  ship's  service  load  is  less  than  the  capacity  of  genoator  #1, 
i^ch  successfully  picks  up  the  entire  load  as  generator  #2  shuts  down.  Notice  in  figure 
5-3  that  the  motor  variables  are  effectively  constant  during  the  entire  period  of  transition 
from  two  to  one  generator. 
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In  the  second  run  the  ^)eed  is  set  to  0.9  per  unit.  Again,  generator  #2  is  tripped 
off-line  at  T=15  seconds.  In  this  case,  the  power  demanded  by  the  propulsion  motor  and 
ship's  service  load  is  greater  than  the  c^>acity  of  generator  #1.  The  torque  trace  in  figure 
5-4  shows  the  over-torque  condition  which  results  on  genoator  #1 .  This  ovo'-torque 
condition  causes  a  power  turbine  over-temperature  shutdown  of  the  gas  turbine  3.18 
seconds  after  the  first  generator  ftdlure.  In  this  load  condition,  a  one  generator  feihire 
degrades  into  a  two  generator  &ilure  causing  the  entire  ship  to  lose  electrical  power.  This 
is  obviously  not  an  acceptable  result.  What  is  required  to  diminate  this  problem  is  a 
supervisory  control  system  which  will  monitor  the  on-line  generating  capacity  and  limit  the 
maximum  power  demand  of  the  propulsion  motor  to  that  vdiich  is  available  at  any  ^en 
instant  in  time.  This  will  allow  the  ship  to  keep  operating,  albdt  in  a  reduced  capacity, 
when  a  generator  failure  occurs. 

5.2  Features  and  Limitations  of  Simulation  Models 

There  are  several  useful  features  to  the  simulation  models  developed  in  this 

research.  First,  they  are  highly  portable.  The  only  required  hardware  is  a  PC  or  a 
workstation.  The  software  requirements  are  the  ACSL  program  and  a  FORTRAN 
compiler.  The  ACSL  translator  writes  FORTRAN-77  code  which  wiU  compile  on 
virtually  any  compiler.  It  should  be  noted  that  these  systems  do  take  a  few  hours  to  run 
on  even  the  fastest  PC's  currently  available.  It  is  recommended  that  any  future  simulations 
done  ^th  these  models  be  done  on  a  workstation. 
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The  models  have  been  written  in  a  modular  otyect  oriented  &shion.  This  makes 
them  quite  flexible.  Each  phyacal  component  is  written  as  a  separate  ACSL  macro  which 
allows  the  generation  of  unique  variable  names  for  each  instance  of  a  particular  object. 

The  control  components  are  also  in  separate  macros  which  readily  allows  evaluation  of 
various  control  schemes  vnthout  changing  the  baric  configuration  of  the  modd. 

Similarly,  the  interconnection  equations  have  been  solved  to  allow  easy 
modification  of  the  system.  Any  number  of  generators  or  loads  can  be  added  to  the  main 
bus  by  simply  algd>raically  adding  its  current  to  equations  (3.23)  &  (3.24)  and  writing  its 
transmission  line  equations,  (  (3.19)  &  (3.20)  for  generators  or  (3.21)  &  (3.22)  for  loads). 
Consequently,  h  is  very  easy  to  change  the  configuration  of  the  rimulation  model.  Only  a 
knowledge  of  KirchofPs  laws  and  a  minimal  understanding  of  ACSL  syntax  is  required  to 
modify  the  system  to  suit  the  users  needs. 

There  are  also  some  limitations  to  the  current  models.  The  fi-equency  changer 
model  doesn't  have  a  discontinuous  current  mode  of  operation.  As  mentioned  previously, 
when  the  motor  speed  drops  below  about  10%  of  rated,  the  back  EMF  isn't  sufiBcient  to 
cause  commutation  of  the  inverter  thyristers.  This  has  been  ignored  in  the  current  model. 
One  method  of  simulating  discontinuous  conduction  in  an  average  value  model  presented 
by  Branson  [12]  makes  the  dc-link  current  follow  a  rectified  sine  wave. 

Another  limitation  to  the  current  models  is  the  diesel  engine.  It  has  not  been 
properly  verified  against  test  data  for  the  actual  engine.  Despite  numm)us  efforts,  the 
author  has  been  unable  to  obtain  dynamometer  data  for  the  particular  engine  which  has 
been  modeled.  The  computer  model  has  be«i  qualitatively  compared  to  actual  data  of 


69 


other  engines,  but  a  quantitative  conq)ari8on  can  only  be  nuuie  against  the  engine  on  viudi 
the  engine  map  is  based. 

The  idiip  load  dynamic  roodd  could  be  inq)roved.  It  is  only  a  one  dimmaonal 
model,  v^hereas  ship  motions  have  ax  d^ees  of  freedom.  The  modd  allows  two 
propeller  shaft  inputs,  but  since  it  is  one  dimensional,  operating  the  two  shafts  at  differoit 
speeds  only  results  in  an  averaged  speed  output.  This  can  be  seen  in  the  outputs  of  the 
two  motor  Emulations  in  iq)pendix  C.  In  an  actual  ship,  this  type  of  operation  would 
generate  a  yawing  moment  causing  the  ship  to  bun  left  or  ri^.  The  seaway  feature  of 
this  modd  could  dso  be  improved  upon.  A  real  seaway  is  random  in  nature,  containing 
many  harmonic  components.  Many  of  these  components  will  not  excite  the  propulEon 
system,  however  some  sort  of  random  distribution  of  wave  fioquency  would  be  an 
improvement  on  the  current  modd. 

5.3  Suggestions  for  Future  Research 

Quantitativdy  verify  the  diesd  engine  model.  This  mi^  require  switdiing  the 

modd  to  a  different  engine.  The  particular  engine  chosen  for  this  study  was  sdected 
because  it  is  a  Navy  qualified  diesd  generator  set  currently  in  use  aboard  ships.  Perhaps  a 
manufiicturer  who  is  not  yet  Navy  qualified  would  be  more  forthcoming  with  their  test 
data. 

Add  a  discontinuous  conduction  mode  to  the  frequency  changer  modd.  Similarly, 
including  the  effects  of  AC-Ede  reactance  ^ch  were  ignored  in  the  devdopment  of  the 
current  model  would  be  more  realistic.  AC-Ede  reactance  is  always  present  ahen 
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connected  to  a  motor  load.  Bose  [9]  presents  this  concqit,  but  does  not  utilize  it  in  the 
development  of  average  value  converto'  modds  for  control  studies. 

The  controls  whidi  have  developed  to  date  are  rather  nidimentaiy.  More 
sophisticated  controls  incorporating  the  supervisory  features  discussed  above  shrxild  be 
developed.  The  concepts  of  graceful  d^radation  and  damage  tolerant  controls  should 
also  be  investigated. 

5.4  Conclusions 

This  research  has  developed  and  dononstrated  useful  tools  for  the  design  of 
controls  for  shipboard  dectrical  ^ems.  By  takiiig  an  object  oriemed  iqrproadi,  the 
resulting  tools  are  veiy  flexible  and  can  be  used  to  dmulate  any  conceivable  shipboard 
configuration  wifli  otdy  minor  aherations.  As  a  result  the  "leamkig  curve”  for  an  engmea- 
not  familiar  ^vhh  the  ^)ecifics  of  ACSL  or  the  various  devices  is  greatly  reduced. 

The  current  model  parameters  are  based  on  the  U.S.  Navy's  "Basdine  2”  dectric 
drive  system  which  utilizes  wound  rotor  synchronous  machine  tedmology.  The  flexibility 
of  these  Emulation  models  allows  other  technologies  such  as  permanent  magnet  or 
superconducting  machines  to  be  simulated  with  minimal  changes  to  the  modd. 

This  research  has  also  conducted  a  prdiminaiy  control  analysis  of  the  required 
control  systems.  It  has  poimed  out  areas  vdi«e  more  sophisticated  controls  are  required 
and  areas  i^iere  existing  controls  may  be  adequate.  The  controk  engineer  utterested  in 
this  specific  problem  now  has  a  flexible  tool  wluch  may  be  used  to  evaluate  many  sorts  of 
control  ^ems,  only  some  of  which  have  been  discussed  herein. 
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Appendix  A:  ACSLCode 


A.1  System  #1 


Syst«B  It  alngl*  g^mrator 
with  ship  dynasties  and  ship  sarviea  loads 

Copyright  1993  by  TiaK>thy  J.  NeCoy 


1 

1 

1  ****** 

NOTEt 

this  Biodal  raquiras  tha  following  eosqpilar 
coatand  lina  ^tionst  */AB  /Bl  fll.axa* 

1 

1 

1 

1 

1 

NOTEt 

Tha  gas  turbina  and  ship  dynaaies  a»dals  raquira 
tha  following  function  lookup  subroutinast 

f cq . f or , f une . f or , qlapsf . f or , qlawsf . f or , 
qlavsr .  for ,  t  lavaf .  for ,  t  lavsr  .for 

1 

1 

1 

1 

Thasa  subroutinas  ara  proparty  of  tha  u.s.  Navy  and 
can  ba  obtainad  by  qualifiad  usars  frost  coda  2753  of 
NSWC  Annapolis  Dataehsiant  (Pozitarly  DTRC-Annapolis) . 

1 

1 

RECORD  or  CHANCT8 

1  NO. 

DATE 

BY  SUMMARY 

1  0 

4-10-93 

tjn  Modal  Nrittan. 

PROGRAM  systanl 

1  MACRO  DEFINITIONS 

INCLUDE  'ct\acsl\syniiac\synBitr4.siae' 
INCLUDE  'ct\acsl\synsiac\synBitr4b.siac* 
INCLUDE  'ct\acsl\frsqcbg\fraqchg2.siac* 
INCLUDE  'ct\acsl\synsiac\vrag2.BMic' 
INCLUDE  'ct\acsl\syniiac\contiitr.siac* 
INCLUDE  *ct\acsl\synsiac\spdcon3.aiac* 
INCLUDE  'ct\acsl\iiisc\eonstant.inc* 
INCLUDE  'ct\acsl\lii2500\turbina.aiac* 
INCLUDE  'ct\aesl\ship\ship.iiac' 

INCLUDE  'ct\acsl\loads\shipsarv.iiac' 
INCLUDE  ’ct\acsl\Bilsc\basoconv.8Uie' 

I  INITIAL  SECTION 

INITIAL 

SORT 
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I— — S«t  baa* 

CONSTMIT  WD 
CONSTAMT  zgl 
xll 
xml 

i— oSat  paramatara  for  dynaado  braka 
LOGICAL  Ibraka 

Ibraka  -  .falaa. 
kbraka  -  1.0 
gnl  -  1.5 

I— -sat  fraquancy  changar  paranatara 
LOGICAL  Ifwdl 
Ifwdl  •  .trua. 


fraquancy  a  bua  paranatara 

■  377.0  I— [rad/aacj 

-  0.1,  A 

■  0.1,  A 

-  0.1 


I— Sat  aynchronoua  motor  paranatara  (20,000  BP  150  RPM  a»tor) 
1—24  polaa 


CONSTANT  A 

xqnl 

1.157, A 

zdnl 

1.76  ,A 

xqppnl 

0.494, A 

xdppnl 

0.542, A 

zdpnl 

0.608, A 

xlnl 

0.337, A 

tdopnl 

2.10  ,A 

tdoppnl 

0.039, A 

tqoppnl 

0.193, A 

basannl 

150  ,A 

basavnl 

5000  ,A 

basakanl 

14914.0 

fanl 

0.773  hhps  1 - U^ps  is  propallar/shaft  inartia 

basaqnl 

1000*basakwnl/  (basannl/rpanrad) 

xdnxqnl 

-  zdnl  -  zqnl 

1 - initlallaa  tha  aynchronoua  motors 

ntr4lc(nl) 

I— sat  synchronous  ganarator  paranatara  (18  NWA  v  h20  coolad  stator) 
1— valuas  provided  by  MSifC 


CONSTANT  A 

zqgl 

-  1.64  ,A 

zdgl 

-  1.77  ,A 

zqppgl 

«  0.15  ,A 

zdppgl 

-  0.15  ,A 

zdpgl 

*  0.18  ,A 

zlgl 

•  0.13  ,A 

tdopgl 

«  3.19  ,A 

tdoppgl 

-  0.04  ,A 

tqoppgl 

a  0.09  ,A 

hgl 

-  0.924, A 

basangl 

a  3600., A 

basavgl 

a  4160., A 
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b«s«kwgl  «  16200.0 

I >— convwralon  factors  for  ganarator  and  aotor  basas 
basacomrckaglalfkkwglal^klgUilyksglal  ■  6 
baaaagl ,  baaavnl ,  baaakwgl ,  basalcma ) 

I  — — Inltlallsa  synchronous  ganarators 
ntr4blc(gl) 

I - inltialisa  gas  turblna  angina 

LOGICAL  Ipwrdl  1 - ^trua  for  powar  danand  noda 

CONSTAMT  Ipwrdl  -  .FALSE,  t - falsa  for  spaad  dssMnd  aoda 

c<XfSTANT  amlord  «  1.0  i - ordarad  spaad  [par  unit] 

COHSTANT  wmlordlc  «  1.0  t — -ordarad  spaad  ic  [par  unit] 
CONSTANT  tagllc  «  0.0  I — alactrical  torgua  ic  [par  unit] 

CONSTANT  wmgllc  -  1.0  I— ganarator  spaad  ic  [par  unit] 

I— —sat  dasirad  notor  spaad 
CONSTANT  spdrafl  -1.0 

END  1— of  Initial 

1  DTNAMIC  SECTION 

DYNAMIC 

CINTERVAL  CINT  •  .05 

NSTEPS  nstp  «  10 

MAXTENVAL  NAXT  •  .1 

MINTERVAL  MINT  >  l.OE-6 

ALGORITHM  lALG  «  1 

CONSTANT  tstop  -  0.0 

1— Stop  on  raaching  Naxiimii  tins 

TSRMT(t.GE.(tstop>CINT/2.0),  *««••>  STOP  on  tins  liait 


1  DERIVATIVE  SECTION 


DERIVATIVE 

t— invoka  synchronous  ganarator  aacros 
synBtr4b(tagl,vqgl,vdgl  ■  aafgl,iqgl,idgl,«mgl,gl) 

1— icnvoka  voltaga  ragulator  aacros 
vrag2(aafgl  >  vdgl,vqgl,gl) 

I - Invoka  Gas  Turbins  angina  aacro 

turblna  ( 1 ,  Ipwrdl  ,wrnlord,  wmlordlc ,  tagl ,  taglic ,  wmglic ,  wmgl ,  qpt  Ipu ) 
wagl  ■  wmgl*wo 

t - Invoka  synchronous  aotor  aacro 

synatrl  (tenl.vg!!!!, vdal^wmal  -  aafal,iqBl,ldBl,tHil,al) 

{.-.Invoka  s»tor  oontrollar  aacro 

contatr(aafal,batall  ■  idml,iqBl,vdBl,vqal,a<4Kaa,aqppal,« 

U 


I  ccaannication  interval 

I  Maxiaua  integration  step 
I  Miniaua  integration  step 
I  Integration  algorltha 
I  atop  tiaa 


xdppnl ,  xdnqnl ,  xqnl ,  Ibrak*  ) 

l~->-lnvok«  fr«qtt«iioy  changar  aacro 
fraqehg  (lgrl,idrl,iqil,idil  •  t 

vqr 1 , vdr 1 , vql 1 , vdi 1 , Ider 1 , batai 1 , Ifwdl , Ibraka , 1 ) 

I— -invoka  apaad  eontrollar  aacro 

apaadcon  (idcrl,lf«dl,lbraka  •  spdrafl,wnial,ldcl,l) 

I-— ’Invoka  ship  load  aacro 
wn)B2  -  wmal 

ahlp(tiBil,taB2  •  «rtail,wma2,basanal) 

1- — invoka  ship  sarviea  load  aacro 
shipsarv(ldl2,iql2  «  vdbas^vqbas,  1) 

1 - Transaisalon  Una  aquations 

idgl  >  (Idrl  idl2)/klglal 

iqgl  *  (igrl  +  lql2)/klglal 

vdbus  >  vdgl  *  lqrl*xgl 

vqbus  >  vqgl  -  idrl*xgl 

vdrl  >■  vdbus  +  lqrl*xll 

vqrl  >  vqbus  -  ldrl*zll 

vdll  •  vdal  *  iqBl*aal 

vqll  •  vqal  -  idal*xal 

i - This  procadural  placas  a  braking  rasistor  across  aotor  taralnals 

I-- -idian  Ibraka  ■  .trua. 

PROCEDUHM,  (ldal,lgBl  •  idll,lqllrgBlrU>raka) 

IF (Ibraka) THEM 

IF(vtal.LT.0.3)  gal  «  5.0 
Idtel  ■  vdal*gBl 

Iqbal  «  vqal*gal 

idal  -  idll  +  Idfaal 

Iqal  *  Iqll  +  Iqbal 

ELSE 

gal  a  1.5 

idbal  ■  0.0 

Iqbal  •  0.0 

Idal  -  Idll 

Iqal  -  Iqll 

EHDIF 

END  1— >of  procadural 
END  t~ — of  darlvatlva 
END  t — -of  dynaalc 

I  TEKMlNia.  SECTION 

TEKMINAI. 

END  i— of  taralnal 
END  I— of  prograa 
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A.2  System  #2 


8yat«B  2a >  two  gonarators  in  parallal 
with  ship  dynaaics  and  ship  sarviea  loads 

Copyright  1993  by  Tisnthy  J.  McCoy 


MOTE:  this  aodsl  rsguiras  tha  following  eoaipilor 

cosanand  lina  optionss  “/AB  /Bl  fll.axa” 


MOTE:  Tha  gas  turbina  and  ship  dynaaics  aodals  raquira 

tha  following  function  lookup  aubroutinas: 

f eq . f or , f unc . f or , qlapsf . f or , qlawsf . f or , 
qlavsr .  for,  tlawsf .  f  or  ,  t  lavsr .  for 

Thasa  aubroutinas  ara  pr^tarty  of  tha  D.s.  Mavy  and 
can  ba  obtainad  by  qualifiad  usars  frca  coda  2753  of 
MSNC  Annapolis  Datacfaswnt  (Foraarly  DTRC-Annapolis ) . 


NO. 

DATE 

BT 

0 

4-10-93 

tja 

1 

4-10-93 

tj* 

2 

4-10-93 

tj« 

3 

4-10-93 

tj« 

4 

4-10-93 

tj* 

5 

4-11-93 

tjn 

6 

4-15-93 

tj* 

7 

4-17-93 

tj* 

8 

4-18-93 

tj* 

9 

4-19-93 

tj* 

10 

4-20-93 

tj* 

11 

4-20-93  tjn 

!RAM  systaii2a 

RECORD  OF  CBAMGES 


SDMKART 


Nodal  writtan. 

Changad  ganarator  #1  to  2.5  NN  kato  unit. 
Addad  gas  turbina  on  ganarator  #2. 

Ranovad  coordinata  transfcsiation. 

Addad  diasal  angina  to  ganarator  #1. 
Accalaration  run  nada.  changad  nasw 
to  'systan  2* 

Switchad  spaad  control  to  *  spdcon2 .mac ' . 
Addad  circuit  braakar  and  braalcing  rasistor 
to  iiotor.  Changad  nasM  to  "systoii2a” 
Changad  aotor  controllar  to  *conBitr2”. 
Changad  notor  controllar  to  *coniitr*. 
Succassful  crashback  run.  Changad  TERNT 
statanants  to  IF  stataasnts  for  applying 
dynanic  braka  rasistor  in  ' spdcon3 ’ . 

Addad  circuit  braakar  to  ganarator  #2, 
Switchad  ganarator  prim  mvars. 


MACRO  DEFINITIONS 


INCLUDE  *ct\acsl\synBac\s3nwtr4.mc* 
INCLUDE  ‘ct\acal\synBac\syniitr4b.mc' 
INCLUDE  *oi\aosl\fraqchg\fraqehg2.mc' 
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IHCLODB  *ct\acsl\synmac\vr«g2.Me* 
XHCLQDB  *ct\acal\syinMc\contatr.B«e* 
IHCLUDB  'et\ac«l\synMc\spdeon3.MC‘ 
mcLUDB  'ct\acsl\alac\constant.liic* 
IMCLUDB  *ci\ac«l\]jB2500\tttrbliM.MC* 
XHCZiODB  *et\acal\di«Ml\dl«a«I.Mc* 
IHCLIIDB  •  c  t  \acal\dlaaal\govarnor  .aac » 
XIKLODB  'ct\aeal\ahip\ahlp.aae* 
urCLODB  *ct\acal\loada\ahlpaarv.Bae* 
mcLUDB  'ct\acal\Biac\baaacoinr.Bac' 
mcLDDB  'ci\acal\Blac\eb.Bae' 

I  INITIAL  8BCTI0H 


INITIAL 

iSClia 

1 — *8«t  baaa  fraquancy  ft  boa  paranatara 
CONSTANT  ao  -  377.0  I — -[rad/aac] 

CONSTANT  xgl  •>  0.1,  ft 

xg2  -  0.1,  ft 

all  •  0.1,  ft 

m  ■  0.1 

t— -Sat  paraMtara  for  dynanic  braka 
LOGICAL  Ibrafca 

Ibraka  «  .falaa. 
kbraka  •  1.0 
gal  a  1.5 

I - Sat  fraquancy  changar  paraaatara 

LOGICAL  Ifwdl 
Ifadl  a  .troa. 

1 - Sat  circuit  braakar  paraaatar 

LOGICAL  lcbg2 

CONSTANT  lcbg2  a  .trua.  I - Initially  cloaa  cbg2 

1 — Sat  synchronous  aotor  paraaotars  (20,000  BP  150  RPN  aotor) 
1—24  polas 


CONSTANT  ft 
xqal 

«l 

1.157, ft 

xdal 

■ 

1.76  ,ft 

xqppal 

m 

0.494, ft 

xdppal 

m 

0.542, ft 

xdpal 

m 

0.608,ft 

xlal 

m 

0.337, ft 

tdopal 

m 

2.10  ,ft 

td^pal 

m 

0.039, ft 

tqoroal 

m 

0.193, ft 

basanal 

m 

150  ,ft 

basaval 

m 

5000  ,ft 

basakMBl 

m 

14914.0 

hal 

a 

0.773  +  hhps  1— bhps  is  propallar/shaft  inartia 
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bastt^l  ■  1000*baMkiiBl/(bM«aiil/rpBrad) 


xdBxqnl  •  xdnl  -  x^nl 
I  — — initlaliz*  tb«  synchronoua  notora 
■tr41c(iil) 

I— sat  aynehronoua  ganarator  paraaMtara  (18  MVA  «  h20  coolad  atator) 
I— valuaa  providad  by  MSNC 


CONSTANT  A 
xqgl 

■ 

1.64  ,& 

zdgl 

m 

1.77 

xqppgl 

m 

0.15  ,6 

xdppgl 

m 

0.15 

xdpgl 

m 

0.18  ,4 

xlgl 

m 

0.13  ,k 

tdopgl 

m 

3.19  ,k 

tdoppgl 

m 

0.04  ,6 

tqoppgl 

m 

0.09  ,6 

hgl 

m 

0.924,4 

baaangl 

m 

3600. ,4 

baaavgl 

m 

4160. ,4 

baaakwgl 

m 

16200.0 

I— sat  aynehronoua  ganarator  paranatara  (Icato  2.5  MW  ganarator) 


CemSTAMT  4 

xqg2 

«  1.01  ,4 

xdg2 

•  1.63  ,4 

xqppg2 

>  0.28  ,4 

xdppg2 

«  0.18  ,4 

xdpg2 

-  0.25  ,4 

xlg2 

«  0.075,4 

tdopg2 

-  3.79  ,4 

tdoppg2 

>  0.38  ,4 

tqoppg2 

-  0.19  ,4 

hg2 

-  1.91  ,4 

baaang2 

■  900.0,4 

baaavg2 

•  450.0,4 

baaakwg2 

-  2500.0 

t - eonvaralon  factora  for  ganarator  and  notor  baaaa 

baaacony(]cvgliil,k]cwgliil,lclglal,kzglal  >  « 

baaavgl ,  baaavnl ,  baaakwgl ,  baaokml ) 
baaaconv(lcvg2iil,k]cwg2nl,klg2Bl,ksg2ail  >  « 

baaavg2 ,  baaavnl ,  baaakwg2  ,  baaalcwnl ) 

1 - Initiallza  aynehronoua  ganaratora 

ntr4blc(gl) 

ntr4blc(g2) 

I -—initiallza  gaa  turblna  angina 

LOGICAL  Ipwrdl  I - trua  for  powar  danand  noda 

CONSTAMT  Ipmrdl  -  .FALSK.  i - falaa  for  apaad  danand  noda 

CONSTAMT  wmlord  «  1.0  1 - ordarad  apaad  [par  unit] 

CONSTAMT  wmlordlo  -  1.0  I-— ordarad  apaad  le  [par  unit] 

CMISTAHT  taglle  «  0.0  I — -alaotrleal  torqua  lo  [par  unit] 
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COHSTAHT  wrnglle  ■  1.0 


t— g«n«rator  spMd  le  [par  unit] 


1  — ‘-inltiallz*  dlasal  angina 
CONSTANT  cyl2  -  8 
C<»ISTANT  tliach21c«  0.0 
CONSTANT  nilin2  -  400 

CONSTANT  nBax2  -  950 

CONSTANT  lcturbo2  *0.5 
CONSTANT  Miig2ic  •  377.0 

I— —sat  dasirad  aotor  spaad 
C(»lSTANT  spdrafl  >  1.0 


I— nuabar  of  cylindars 
1 — •sMChanical  torgna  Ic 
I — -adn  angina  spaad  [rpn] 

I-— siax  angina  spaad  [rpa] 

1— -turbo  constant  [sac] 

1— ganarator  spaad  ie  [rad/ sac] 


END  I - of  initial 

I  DYNAMIC  SECTION 

DYNAMIC 


CINTERVAL 

CINT 

m 

.05 

t 

ccsnnnicatlon  Intarval 

NSTEPS 

nstp 

m 

10 

MAXTERVAL 

MART 

m 

.1 

t 

Maxinun  Intagration  stap 

MINTERVAZ. 

MINT 

m 

l.OE-8 

1 

Mininun  intagration  stap 

ALGORITHM 

lALG 

m 

1 

i 

intagration  algoritfan 

CMISTANT 

tstop 

m 

0.0 

1 

stop  tins 

1-— Stop  on  raaching  naxinua  tine 

TERMT(t.G».(tstop-ClNT/2.0),  •«««>  STOP  on  tins  lillit  <«—*') 


I mmmmmmmmmmmmmmmmmmmmmmmmmwmmmmmmmmmmmmmmmmmmmmMmmmmmmmmmmmmmmmmmmmm 

1  DERIVATIVE  SECTIMI 

DERIVATIVE 

I - invoka  synchronous  ganarator  nacros 

syniitr4b(tagl,vqgl,vdgl  >  aafgl,lqgl,idgl,wmgl,gl) 
synsitr4b(tag2,vqg2,vdg2  ■  oafg2,lqg2,idg2,wrng2,g2) 

I - Invoka  voltaga  ragulator  nacros 

vrag2(oafgl  «  vdgl,vqgl,gl) 
vrag2(aafg2  «  vdg2,vqg2,g2) 

1 - invoka  Dlasal  govamor  nacro 

govamor(faal2,n2  >  wag2,tag2,2) 

1 - invoka  Dlasal  angina  nacro 

diasal(tng2  •  fual2,n2,2) 
ung2d  >  (tag2  tng2)*«o/<2*hg2) 

MBg2  «  lNTEO(ioDg2d,ifag2ic> 
trmg2  -  wng2/wo 

I— invoka  Gas  Turbina  angina  nacro 

turblna  ( 1 ,  Ipwrdl ,  wmlord,  wmlordic ,  tagl ,  tagllc ,  vmglic ,  wmgl ,  qpt  Ipu) 
Mogl  >  wmglnro 


SI 


I— Invoke  •ynchronous  aotor  aacro 

syniitr4  (t«iil,vqnl,vdal,wrnBl  «  •afal,lq;Bl,idnl,tnil,Bl) 

|. — Invoke  aotor  controller  aacro 

contatr(eafal,betail  -  idal,lqBl,vdal,vqBl,edppal,eqppal,t 
xdppal ,  xdaxqal ,  xqal ,  Ibrake  ,al ) 

I— 'Invoke  frequency  changer  aacro 
freqchg  (lqrl,ldrl,iqil,ldll  «  t 

vqrl, vdrl, vqll, vdil, ldcrl,betail, Ifedl, Ibrake, 1 ) 

{—Invoke  speed  controller  aacro 

speedcon  (idcrl,lfwdl,lbrake  «  apdrefl,wmal,ldcl,l) 

I - Invoke  ship  load  aacro 

wmal  «  wmal 

ship(taBl,taai2  «  «mal,in:nB2,basenal) 

1 - Invoke  ship  service  load  aacro 

shlpserv(ldl2,lql2  «  vdbua,vqbaa,l) 

1 — Transalsslon  line  equations 

C<MfSTAIIT  vdblc  «  0.0,  vqblc  «  1.0,  errbound  •  0.0001,aazlt  *  10,  & 
delv  a  0.0001 

INPL(vdbtts  a  vdblc, errbound, aaxlt,vderr,vdgl  -i-  lqglal*xgl,delv) 

lHPL(vqbus  a  vqblc, errbound,aaxlt,vqerr,vqgl  >  ldglal*xgl,delv) 

lMPX.(lqg2Bl  a  lqg21c, errbound, aaxlt,lqg2err,-(vdg2  -  vdcbg2)/xg2,delv) 
lMPL(ldg2Bl  a  ldg21c,errbound,aaxlt,ldg2err, (vqg2  -  vqcbg2)/xg2,delv) 

{'—Invoke  circuit  breaker  aacro  for  gen  42 
cb(vdcbg2,vqcbg2,ldcbg2,lqcbg2  a  « 

lcbg2 , vdbus , vqbus , vdg2 , vqg2 , ldg2al , Iqglal ) 

ldg2  a  Idg2al/klg2al 

lqg2  a  lqg2Bl/klg2Bl 

CONSTANT  klr  a  2.0 

Idglal  a  (klr*ldrl  -i-  ldl2  '  ldcbg2) 

Iqglal  a  (klr*lqrl  +  lql2  '  lqcbg2) 

Idgl  a  idglal/klglal 

Iqgl  a  Iqglal/klglal 

vdrl  a  vdbus  +  lqrl*xll 

vqrl  a  vqbus  '  ldrl*xll 

vdll  a  vdal  *  lqBl*XBl 

vqll  a  v^l  '  ldal*xml 

{ - This  procedural  places  a  braking  resistor  across  aotor  teralnals 

{ - when  Ibrake  a  .true. 

PROCEDURAL  (ldBl,lqBl  a  ldll,lqll, gal, Ibrake) 

IF (Ibrake) THEN 

IF(vtBl.LT.0.3)  gal  a  5.0 
Idtel  a  vdBl*gBl 

Iqbal  a  vqBl*gBl 

Idal  a  idll  -f  Idbal 

Iqal  a  iqii  +  Iqbal 

ELSE 
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gml 

«  1.5 

Idbml 

«  0.0 

Iqfaml 

-  0.0 

Idml 

-  idll 

Iqml 

-  Iqll 

ENDIF 

EHD  i - of  procodural 

BHD  1 - of  derivative 

END  I - of  dynanic 


1  TEKMINAL  SECTION 

TERMINAL 

END  1 - of  teminal 

END  1 — -of  program 

A.3  Diesel  Engine 


Diesel  Engine  Model 
Copyright  1992  by  Timothy  J.  McCoy 


Record  of  changes 

No.  Date  By 

Summary 

0  12-20-92  tjm 

1  12-24-92  tjm 

Modal  written. 

changed  Input  speed  from  rad/sac  to  rpm. 

macro:  diesel 

function:  Models  four  stroke  turbocharged  diesel  engine. 

CONCATENATION 

z  m  synchronous  machine  identifier 


fr 

n 


tm 


tmechazAlc 

CylACA 

nmlnAsA 

nmaxAsA 


INPUTS 

fuel  rate  (per  unit] 
engine  speed  [rpm] 

OUTPUTS 

mechanical  torque  (per  unit] 

CONSTANTS 

■(must  be  defined  in  the  calling  program)' 
mechanical  torque  ic  (per  unit] 
number  of  cylinders  (per  unit] 
mlnlssim  operating  speed  of  engine  (rpst] 
saximum  operating  speed  of  engine  (rpm] 


1  kturboAzt  «  za^irical  turbo  tia*  constant  [ssc*p.u.torqu«] 
t 

t  INTBRHAL  (STATS  («  STATS  RBLATSD) 

1  fualagtza  >  delay  due  to  fuel  rack  and  angina  (i^nasics  [sac] 

I  turbolagtza  ■  delay  due  to  turbocharger  [sac] 

I  dalaySzA  •  tine  constant  of  angina  [sac] 

1  TSiap  •  lookup  table  of  torque  vs  spaed  and  fuel  rata 

I 

I  IMTSRHAL  (HOT  STATS  RSLATSD) 

1  HONS 

1 

i  mmmmmmmmmmmmmmmmmmmmmmmmmmMmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 

I - include  angina  torqua-spaad  look-up  table 

INCLUDS  'c:\acsl\diasal\cat3608.Biap* 


MACRO  diesel  (tn  ,  fr,n,z) 


Begin  Derivative  section 


I— stop  if  engine  is  outside  of  porforsKfloco  liaits 

TSRMT((n  .LT.  naln&za),  ■««>«>  stop  o'esev  <»ngine  underspeed  <*»»•) 

TSRMT((n  .6T.  naazaz&),  *>•»>  stop  'i  engine  overspeed  <«■««•) 

I— calculate  delay  due  to  fuel  Injection  and  engine  dynaaics 
fuelagazc  ■  30/n  +  120/(cylaz4i*n) 

I— calculate  delay  due  to  turbo  lag 
turbolag&zft  ■  kturbotz6/(ta  +  1) 


1 - Sua  delays 

delaylst  >  fuelagtza  -f  turbolagSz 

t - calculate  torque  froa  perforaance  aap  lookup  table 

torqazt  >  Taap(fr,n) 


I— Delay  output  of  revised  torque  to  account  for  engine  dynazd.es 
ta  -  RSAX<PL(delay«s«,torqtst,taechazalc) 


I  Snd  of  Derivative  Section 

I  mmmmmmmmmmmmmmmmmmmmmw^mmmmmmmmmmmmmmmm, 

MACRO  SND  t  of  diesel 


A.4  Diesel  Engine  Governor 


OQVSRHOR  NODSL 

Copyright  1992  by  Tia»tby  J.  McCoy 


Record  of  changes 


U 


Mo.  Date  By 


Susanary 


0  12-22-92  tjn 

1  12-24-92  tjm 


2  12-26-92  tjn 

3  12-27-92  tjm 

4  12-28-92  tjm 


5  12-28-92  tjm 


Model  written. 

Added  load  torque  coi^nsation  to  i-.h*  set 
speed.  Gain  and  time  constant  adjusted  to 
their  final  values. 

Added  PID  type  control. 

Added  load  cosipenstaton  frost  generator  voltages 
and  currents. 

changed  load  coiqtensation  back  to  load  torque 
as  input.  Added  wm  as  input  and  changcKl  n  to 
output  for  better  modularity. 

Revised  constants  for  synchronous  operation. 
Model  verified. 


macro:  governor .mac 

function:  Limited  PI  type  governor  for  a  diesel  engine 

COMCATEMATION 

z  •  Engine  identifier 


INPUTS 

>  engine  speed  [rad/sec] 

■  Load  torque  [per  unit] 

OUTPUTS 

•  fuel  rate  [per  unit] 

•  engine  speed  [tpm] 

CONSTANTS 

•  governor  gain 

•  governor  time  constant 

>  desired  engine  speed  [rpm] 

•  minisum  fuel  rack  setting  [per  unit] 

>  maximum  fuel  rack  setting  [per  unit] 
m  governor  load  factor  gain 

■w(Bnist  be  defined  in  the  calling  program)' 

INTERNAL  (STATE  OR  STATE  RELATED) 

INTERNAL  (MOT  STATE  RELATED) 


kgovAza 

taugovtst 

nsetazs 

fuelatin&za 

fuelziaxaza 

k2gov«z4 


NONE 


MACRO  governor  (fuel,n,wm,tl,z) 


Begin  Derivative  section 


—parameters 

CONSTANT  kgovtza  -  0.2 

CONSTANT  nsettsa  -  900.0 

CONSTANT  taugovaza  -  2.0 

CONSTANT  fuelamin  •  o.o 

CONSTANT  fuelamax  -  1.0 


CONSTANT  fu«l«ic 


0.0 


I— — comrart  apaad  to  rpn  for  dioMl  um 
n  -  iib*2. 38732  (-• >-60/(2*pi*polo  poira) 

I- — ^Brror  signal 

spdarrOz  «  nsotaz  -  n 

I - P-I  typo  controllor 

1 - fuol&d  >  (-fttol  +  pfae&z&  +  kgovaz*(spdorraza) )/taugovCz 

1— fuel  •  BoaND(fuel&aln,fuolaawx,LiiiiNT(fueiad,a 

1  — >  f  ttol&ic ,  f  aelfcmin,  fool&Bax) ) 

fuel  ■  BOOND(fuel&iiln,fuel&iiax,kgovaza*spderr&za  -f  t 

LININT(spderraza*kgovaza/taogovaza, fuelaic, fuelAain, fuel&nax) } 
1 - P-l-D  type  controller 

I— fuel  ■  BOUND ( f ueltziin, f uelaaiax, (kgovaza*spderraz  t 

1—  -  LlMlNT(fuel,fuel&le,fuel6zdn,fuelUDax) )/taugov&z) 

MACRO  END  I - of  governor 


A.S  Diesel  Engine  Map 

i ——caterpillar  3608  perfomance  aap 
1 — -Values  are  in  per  tinit  torque 
I — .Base  torque  is  17,973  ft-lbf. 
t— speed  is  in  RPM,  Fuel  rate  is  in  per  unit 
I— Base  fuel  rate  is  140  gal/hr. 

TABXJ;  Tnap,  2,  8, 12/0.0, .1428, .2857, .4286, .5714, .7143, .8571,1.0,4 
400., 450., 500., 550., 600., 650., 700., 750., 800., 850., 900., 950., 4 


0.0, 

0.1242, 

0.1  , 

0.04  , 

0.053  , 

0.014  , 

0.017  , 

0.003  , 

0.0, 

0.1364, 

0.2  , 

0.08  , 

0.105  , 

0.029  , 

0.035  , 

0.007  , 

0.0, 

0.1373, 

0.3960, 

0.16  , 

0.21  , 

0.058  , 

0.069  , 

0.015  , 

0.0, 

0.1426, 

0.4012, 

0.31  , 

0.42  , 

0.115  , 

0.139  , 

0.031  , 

0.0, 

0.1339, 

0.3726, 

0.6137, 

0.8426, 

0.23  , 

0.278  , 

0.062  , 

0.0, 

0.1259, 

0.3461, 

0.5665, 

0.7869, 

0.46  , 

0.555  , 

0.125  , 

0.0, 

0.1169, 

0.3215, 

0.5239, 

0.7264, 

0.9143, 

1.1105, 

0.25  , 

0.0, 

0.1013, 

0.2922, 

0.4851, 

0.6702, 

0.8533, 

1.0364, 

0.5  , 

0.0, 

0.0877, 

0.2703, 

0.4474, 

0.6209, 

0.7962, 

0.9716, 

1.0883, 

0.0, 

0.0722, 

0.2475, 

0.4160, 

0.5776, 

0.7426, 

0.9110, 

1.0469, 

0.0, 

0.0617, 

0.2273, 

0.3863, 

0.5439, 

0.6981, 

0.8474, 

1.0000, 

0.0, 

0.0492, 

0.2030, 

0.3491, 

0.4876, 

0.6460, 

0.7967, 

0.9228/ 

A.6  Frequoicy  Changer 


Three  phase  frequency  Changer  aodol 

Copyright  1993 
by 

Tiaothy  J.  McCoy 

portions  of  this  aodel  are  based  on  the  aodels  developed  by 
M.  Branson  et.  al.  of  Purdue  university  for  The  U.s.  Navy 
DTRC  codot  2753.  Used  with  pezzdssion. 


U 


NOTES!  1 

. )  This  modal  aaaumas  instantanaous  ccamutation 

2 

. )  all  quantitiaa  ara  in  par  unit 

RECORD  OF  CBANGES 

NO.  Oat« 

By  sunnary 

0  2- 

9-93 

tjm  Nodal  writtan 

1  2- 

11-93  tjm  Ramovad  ona-phaaa  portion  of  modal 

2  3- 

22-93  tjm  Addad  batai  to  input  liat  for  controllar  uaa 

macro: 

fraqchg 

function: 

modals  a  thraa  phasa  dc-link  fraquancy  convartar 

CCNICXTENATION 

z 

- 

fraquancy  chanqar  idantifiar 

INPUTS 

vqr 

m 

tha  MChina-aida,  q-axia  voltaga  of  ractifiar 

vdr 

m 

tha  machina-sida,  d-axia  voltaga  of  ractifiar 

vql 

m 

tha  machina-aida,  q-axis  voltaga  of  invartar 

vdi 

m 

tha  machina-sida,  d-axls  voltaga  of  invartar 

idcr 

m 

ccamiandad  valua  of  dc  link  currant 

batal 

m 

Invartar  firing  angla  [rad] 

Ifwd 

m 

logical  variable  to  datarmina  diractlon  of 
daairad  torqua 

OUTPUTS 

iqr 

u 

tha  machina-sida,  q-axia  currant  of  ractifiar 

Idr 

m 

tha  machina-sida,  d-axis  currant  of  ractifiar 

iqi 

m 

tha  machina-sida,  q-axis  currant  of  invartar 

Idl 

m 

tha  machina-sida,  d-axis  currant  of  invartar 

CONSTANTS 

Daflnad  in  'constant.inc* 

k3rt3opi 

m 

1.65398669  «  3*sqrt(3}/pi 

krt3 

m 

1.732050808  -  sqrt(3) 

k2rt3opl 

m 

1.10265779  -  2*sqrt(3)/pi 

k2ort3 

■ 

1.154700538  «  2/sqrt(3) 

INTERNAL  (STATE  OR  STATE  RELATED) 

ar&zt 

■i 

Ractifiar  AC  slda  voltaga  magnitude 

miizt 

• 

Invartar  AC  side  voltaga  magnitude 

dalrtza 

IB 

Racllfiar  AC  side  voltaga  angla 

doliazt 

IB 

invartar  AC  slda  voltaga  angla 

idc«z« 

m 

DC  link  currant 

idcasad 

m 

DC  link  currant  derivative 

batar&z 

m 

firing  angla  for  ractifiar 

vrtz 

m 

link-side  ractifiar  voltaga 

vltz 

m 

link-sida  Invartar  voltaga 

INTERNAL  (NOT  STATE  RELATED) 

NACROS 

roc 

m 

establish  ractifiar  control  angles 

S7 


mCLODB  'ctXacslVfraqchgXrce.aac 


KACRO  fr«qchg(iqr,idr,iqi,ldi  ,  t 

▼qr , vdr , vql , vdl , Ider , b«tai , Ifwd , Ibraka , s ) 


1-..DC  raetanc*  [par  unit] 
I— -DC  raaiatanea  [par  unit] 
I— DC  currant  Ic  [par  unit] 

I - invoka  rcc  to  daflna  ractlfiar  currant  control  angla 

rcc(batarftz  >  idc&2<t,idcr,lbraka,z) 

I - Establish  tha  ractlfiar  ac  currants  (lqr,ldr) 

iqr  «  k2rt3opl*ldcaz«*C0S(batarasa) 

Idr  ■>  k2rt3opl*ldcaza*8iM(bataraza) 

I - Establish  tha  invartar  ac  currants  (iqi,idi) 

IF(lfwd)  THEN 

Iql  •  k2rt3opi*ldcasa*C06(batai) 

idl  ■>  k2rt3opi*idcaz&*SIM(batai) 

ELSE 

iql  «  -k2rt3opi*idcasa*COS(batai) 

idl  B  k2rt3opl*ldcaza*SIN(tetai) 

ENDIF 

I— Establish  tha  ractlfiar  dc  sida  wltaga 
RTF(araza,dalr4zs  •  vqr,vdr) 
vraza  •  k3rt3<qpl*araza*co8(bataraza) 

1 - Establish  tha  Invartar  dc  sida  voltaga 

itTF(aiaza,daliaza  «•  vql,vdi) 
vlaza  B  k3rt3opi*alasa*C08(batai) 

I— Establish  tha  DC-LXNK  Currant 

idcazad  b  wo/xdcaza* (vraza  *  vlaza  -  rdcaza*idcaza) 

Idcaza  b  intbg( idcazad, idcazaic) 

MACRO  END 

A.7  Rectifier  Carrent  Controller 


I - DC  link  paraaatars 

CONSTANT  xdcaza  b  1.68 
CONSTANT  rdcaza  b  o.02 
CONSTANT  idcazaic  b  0.0 


DC-LINX  CURRENT  CONTROL  MODEL 


copyright  1992 
by 

Tiaothy  J.  McCoy 


aukcrot  reo 

functions  ractlfiar  currant  control,  P-I  typa  controllar. 

S8 


z 


idc 

idcr 


COHCATBHXTIOV 

fr«qu«ncy  changar  idantiflar 
IHPOTS 

dc  link  currant  (PER  URIT] 

dc  link  rafaranca  curarant  [PER  UNIT] 


batar 


OOTPOTS 

dc-link  currant  control  angla 


gbatartzt 

tubatartzA 

uBiin&z& 

unaxAzt 


CmSTAHTS 

>  Controller  Ai^lltuda 

*  controllar  Tim  Constant 

>  itlnimuB  ractlflar  angla  (naatiwiB  currant) 
«■  naxiaun  ractlflar  angla  (ainiamp  currant) 


u&z&lc 

utztd 

larrtza 


INTERMAL 

«  ractlflar  control  angla  ic 
•  ractlflar  control  angla  derivative 
<■  dc  link  currant  error 


MkCRO  rcc  (batar  ,  Idc, Idcr, lbraka,z) 

CONSTANT  ualntzt  «  *0.0 
CONSTANT  uaaxszt  «  0.99 

CONSTANT  gbatar«z«  *30.0 
CONSTANT  taubatartz  ■  0.01 

CONSTANT  Utztic  «  0.0 

CONSTANT  lerrtztlc  «  0.0 

larr&z  >  (Idcr  -  Idc) 

uaz&d  >  (-u&zt  *  gbatar«zt*(larr&za) )/taubatar&z 

utzs  *•  BODND(ualn&z6,uaa3ctzt,LlMlNT(utztd,utz&lc,ualn&zt,uaax&z&) ) 

lF(lbraka)THBN 

batar  ■  kplo2 

EZiSE 

batar  •  ACOS(u«z«) 

ENDIF 

MACRO  END  I-- of  rcc 

A.8  Induction  Motor 


THREE-PHASE  INDUCTKHI  MACHINE  MODEL 
Copyright  1992  by  Tlmthy  J.  McCoy 


Record  of  Changes 
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No.  Dato 


By 


suBBiary 


0.  11-16-92  tjm  Model  written. 

1.  11-29-92  tja  Included  stator  transients  to  elininate 

algebraic  loop  problen. 

2.  11-30-92  tjn  MODEL  VERIFIED. 


macro i  indmac 

function:  Models  a  syasiatrical  three-phase  induction  machine 
with  stator  electric  transients  included. 
C<MICATBNATI(MI 

z  «  synchronous  machine  identifier 

INPUTS 

vd  *  D-axis  terminal  voltage  [per  unit] 

vq  a  Q-axis  terminal  voltage  [per  unit] 

tm  a  Mechanical  Torque  [per  unit] 

OUTPUTS 

wrn  a  Machine  speed  [per  unit] 

iqs  a  Q-axls  terminal  current  [per  unit] 

ids  a  D-axis  terminal  current  [per  unit] 

CONSTANTS 

a  base  electrical  speed  [rad/sec] 
rs&z  a  stator  winding  resistance  [per  unit] 
rr&z  a  Rotor  winding  resistance  [per  unit] 
xm&z  a  stator  to  rotor  mutual  reactance  [per  unit] 

xls&z  a  Stator  winding  leakage  reactance  [per  unit] 

xlr&z  a  Rotor  winding  leakage  reactance  [per  unit] 
h6z  a  Rotor  inertia  [sec] 

xaq&z&  a  reactance  used  in  calculating  siutual  coupling  flux 

INTERNAL  (STATE  OR  STATE  RELATED) 
siqs&z6d  a  rates  of  change  of  stator  flux  linkages  [per  unit] 
sidsSzSd 

slqsftz  a  Q-axls  stator  flux  linkage  [per  unit] 

sidsSz  a  D-axls  stator  flux  linkage  [per  unit] 

slqraztd  a  rates  of  change  of  rotor  flux  linkages 
sldraz&d 

slqraz  a  Q-axis  rotor  flux  linkage  [per  unit] 

sidr&z  a  D-axls  rotor  flux  linkage  [per  unit] 

simqtz  a  Q-axls  mutual  coupling  flux 

slzidAz  a  D-axis  mutual  coupling  flux 

wmtz  a  rotor  speed  [rad/sec] 

wm&z&d  a  rate  of  change  of  rotor  speed  [rad/sec‘2] 
iqrtz  a  Q-axis  rotor  current  [per  unit] 

idraz  a  D-axls  rotor  current  [per  unit] 
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ZNTERIIAL  (HOT  STATE  RELATED) 
•Iqrtstlc  ■  rotor  flux  llnkago  lea  [por  unit] 
•Idr&c&lc 

•Iqstztlc  *  stator  flux  llnlcaqo  Ics  [par  unit] 
slds&ztlc 

wnaz&lc  -  rotor  nachanlcal  spaad  ic  [rad/ sac] 


MACRO  Indnac  (z,t]B,«m,lqs,ids,vq,vd) 

IHITIAL 

1 - sat  initial  rotor  spaad  and  fluxas  to  zaro 

CCRISTAIIT  fonazaie  -  0.0 
COHSTAHT  siqrliZ&ic  -  0.0 
coHSTAHT  sidrazaic  «  0.0 

siqsazaie  -  vd 
sidsazaie  «  vq 

I - eoaqnita  raaetanca  usad  in  calculating  nitual  flux 

xaq«z&  a  l/(l/xiiaz«  •i'  l/xls«z&  l/xlr&zfc) 

EHD  I—- of  initial  section 


i  Begin  Derivative  section 


I- — ^nutual  coupling  flux 

siziqaza  a  xaq«za*(slqsas&/xls«zt  *  siqraza/xlr«z&) 
siadsza  a  xaqaza*i'sids&z«/xlstz&  -«■  sidr&za/xlrtz&) 

i— Rates  of  Change  of  stator  flux-linkages 

siqsaztd  a  id>*(vq  -  rs«za*iqs  -  sids&zt) 
sidsSzad  a  wb*(vd  -  rs&zt*ids  sigstst) 

1— -Rates  of  Change  of  rotor  flux-linkages 

siqrszad  a  -(wb  -  wsiazc ) *sidraz«  +  i 

«b*(rr«z«/xlraz«)*(siziq«za  -  siqrazS) 
sidrtzad  a  (Mb  -  «ii«sa)*siqr«ss  +  « 

iib*(rrazt/xlrtza)*(sizKl&s&  -  sidrazt) 

i- — Mechanical  equation 

wsias&d  a  (te«z«  -  tB)*ifb/(2*h4s&) 

I— integrate  state  equations  to  obtain  flux  linkages  a  rotor  speed 
siqraza  >  iRTSG(slqrtsad,siqr4z«ic) 
sldraza  a  iRTBa(sldr«z«d,sidrastic) 
siqsaza  a  iMTSC(siqsazad,siqsas&ic) 
sidsazs  a  zMTSO(sldsazad,sldsazaic) 
uitaza  a  zRTBO(iiiiasad,inBazaic) 

I — -Cosq^te  stator  currents  in  teras  of  fluxes 
iqs  a  (slqsasa  -  siaqasa)/xlsas 
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Ida  ■  (aidaAs*  -  al»d«s«)/xlaCa 

I— —Caaipata  Blactraawgnatle  Torqaa 

ta«s&  »  (aidaist*lqa  -  aiqa«zii*lda) 

1— -CoBifnita  par  unit  aachanical  apaad 
wm  •  «ii«a&/wb 


End  of  Darlvatlva  sactlon 


MACRO  END  I  of  indiiac 

A.9  Gas  Turbine 


i  LM-2S00  6aa  Turbina  Canarator  naero 

1  Copyright  1993  by  Tiaothy  J.  McCoy 

INOTBI 

Tha  aiacroa  uaad  in  thia  nodal  vara  providad  by  CODE:  2753  of 
NSNC  Annapolia  and  ara  uaad  with  pamiaaion.  only  minor 
changaa  wara  aada  to  allow  tha  nodal  to  run  on  a  PC. 

NOTE: 

thia  nodal  raquiraa  tha  following  coaqpilar 
eoaniand  lina  optionat  «/Zi  /AB  /B1  fll.axa” 
and  linkar  coaaund  lina  optionat  ”/CO” 

RECORD  OF  CBANCTS 

i  NO. 

DATE 

BT  SUMKART 

1  0 

4-05-93 

tjn  Nodal  Nrittan. 

MACRO  DEPINITIONS 

INCLUDE  •ct\acalMn2500\LN25a.aiac’ 
INCLUDE  'ct\acal\lii2500\tgld2.Bac* 
INCLUDE  'ci\acal\lai2500\LN25crpai.aiac' 


CONCATENATKNT 

2  concatanation  ▼ariabla 

INPUTS 

Ipardz  >  trua  for  conatant  powar  soda 
falaa  for  conatant  apaad  noda 
wrnzord  >  ordarad  apaad  In  pu 
wmsordl  ■  ordarad  apaad  Ic  in  pu 
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tat 

taxi 

wrnxl 


>  aynchronooa  aaehlna  torqua  In  pa 
•  aynchronout  nachlna  torqua  Ic  In  pa 
■  tynehronout  aaehlna  apaad  Ic 

OOTPITTS 

wmx  -  aynchronoua  aaehlna  apaad 

qptzpu  •  par  unit  turblna  torqua  on  ganarator  baaa 


I - Tbs  following  eonatanta  apply  to  all  turblnaa  daflnad 

1— — by  following  aacro  aodal 

CONSTAMT  jjg  -  16505  1  ganarator  Inartla  In  lbe-ft~2 

CONSTANT  ngb  *3600  1  ganarator  baaa  rpa 

C<»ISTANT  qgb  >  36.52a3  I  ganarator  baaa  torqua 

t - Invoka  alaeallanaoua  eonatanta  aaero 

ZiM2  5ae 0 ( kl , kqhp , kge , p2 , t2 , thata2 , aqrth2 , tht a2v , that2n , da 1 ta2 ) 

MACRO  turblna(x, lpwrdz,wmzord,wmzordl, tax, tazl,wmzl,wmz, qptzpu) 


INITIAL 

CONSTANT  hp&xaordl  *0.0 
taoiUizcl  «  -taxl«'qgb 
n&xal  «  wmxl*n^ 
hp&z6l  ■  n6x6l*taaa6x6l/kqhp 
npttxaordl  •  wmxordl*npt6x6b 

END  I— of  Initial 

I - Invoka  load  Intarfaea  aacro 

tgld2(z,  qpt«z«,  jjpt«z«,  nptlix6b,  qpttzftb,  tasattal,  taaasxt,  6 

jjg,  ngb,  n«x«l,  dnpt«x«,  ivt«x&,  npt«x6l,qpttx«l,  dn«x«,  n6x«) 

I— —Invoka  throttla  Input  ceanund  aacro 

LK25crpe4(z,  nptaxcb,  npt«z«ord,  nptcztordl,  nptazal,  npt&xA,  6 
tq>«x«b,  hp«x«,  hp6x«l,  hpsxaord,  hp«x«ordl,  Ipwrdx,  a 
tlcaztul,  tlc&zall,  tlcixlaxa,  tlcadtx&l) 

I— Invoka  gaa  gan/  power  turb  aacro 

LK25gtO(x,  t2,  dalta2,  xqrth2,  that2n,  thta2v,  kl,  kgc,  a 
PargO,  Pargl,  tleaxa,  wfualaxa,  a 

nptaxal,  qptazal,  nggaxal,  jjptaza,  pa3axa,  palatal,  a 
p54axa,  p54axal,  wfualaxal,  nggata,  nptaza,  nptaxab,  a 
qptaxa,  qptaxab,  Iqpaxab) 

I- — Invoka  powar  lavar  angla  aacro 

faaa0(z,  p2,  t2,  tlcadaza,  nptaxa,  nptaxal,  p54aza,  a 

p54azal,  tlcadazal,  alphaazal,  tlcaza,  alpbaaza,nrafaxa) 

1 - Invoka  aaln  fual  control  aacro 

afc0(x,  t2,  that2n,  aqrth2,  alphaaza,  nggaza,  pa3axa,  a 

Fargo,  Pargl,  nggaxal,  palatal,  wfualaxal, alphaazal,  wfualaxa) 

1— convart  frea  pu  to  ft-lbf 
taoaaxa  ■  -tax*qgb 

i—— convart  free  rpa  to  pu 
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i  ordarad  tari>lna  hp  le 
i  convart  froa  pu  to  ft-lbf 
1  convart  froa  rpa  to  pu 
1  ganarator  hp 
I  convart  froa  pu  to  rpa 


wrnz 


nCst/ngb 


I - convert  froa  pu  to  rpa 

npt&ctord  >  %n:nsord*i9ttstb 

I ..-generator  hp 

hp&st  >  ntzft*tasit&zt/kqhp 

1 - ordered  turbine  hp  in  power  denand  Bode 

C<»ISTA1IT  hptz&ord  a  0.0 

I - turbine  torque  In  pu  on  gen  base 

qptzpu  a  qpt&z  *  (npt&z&b/ngb)  /qgb 

MACRO  BND  1— — of  turbine .aac 

1  mmmmmmmmmmmmmmmmmmmmmmmmmmmmm  Ul25Bac0.BOd 


file  nanat  IiM25Htac0.ztod  clp  8-apr-91  v-lg92-0 


This  Biodel  la  a  MACRO  representation  of  an  LM2500  gas  turbine 
engine  that  has  been  developed  to  peralt  cloning  In  slmilatlons 
requiring  two  or  aore  LM2500  engines.  The  LM2500  consists  of 
four  partsi(l)  a  Power  I<ever  Angle  Controller  (FSBB),  (2)  a 
Main  Fuel  Controller  (MFC),  (3)  a  Gas  Generator,  and  (4)  a  Power 
Turbine.  For  convenience,  separate  macros  have  been  developed 
for  the  FSEB  and  the  MFC  to  peralt  substituting  other  control 
system  models  as  the  need  arises,  in  all,  four  macros  have 
been  developed  as  listed  below: 

(1)  ZJUSsicO.aiac  — —  Defines  zilscellaneous  constants 

specific  to  the  LM2500  model. 

(2)  fseeO.mac  -  Characterizes  the  Power  Lever  Angle 

Controller  used  with  the  LM2500  siodel. 

(3)  mfcO.aac - Characterizes  the  Main  Fuel  Controller 

used  with  the  LM2500  model. 

(4)  LM25gtO.Biac  -  Characterizes  the  Gas  Generator  and 

Power  Turbine  portion  of  the  I4I2500 

Bodel. 

This  siodel  has  been  extracted  free  the  program  XED_FOLL_l.CSL 
developed  by  POI  Corp.  for  DTRC  code  2753  and  reported  In 
reference  [1]  below.  The  simulation  developed  In  reference  [1] 
used  reference  [2]  for  the  FSBE  and  MFC  indels,  reference  [3] 
for  the  Gas  Generator  and  Power  Turbine  Dynasties  Models,  and 
reference  [4]  for  the  Alarsis  and  Slsnilatlon  shutdown  features. 

This  siodel  requires  the  following  files  idilch  contain  function 
data  and  the  necessary  lookup  routines: 

/aodels/ZtM2500/f  un/data/lJ(2Sllbl .  a 
/siodela  /  lookup/lookupllb .  a 
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In  addition  to  tha  basic  nodal  changas  naadad  to  davalop  tha 
appropriata  NXCROs,  tha  following  changas  hava  baan  nada  to 
sia^lify  tha  nodal: 


(1)  Usa  PDI  sia^lification  of  FSBB  for  tha  high  fraquancy, 
nonlinatu:  loop  [  thdot2  «  f (a23,snagvl)  ];  that  is, 
subs ti tuts  IED_REDUCED_1.CSL  coda  froB  paga  C-9  of 
rafaranca  [1]  for  IBD_F0LL__1.CSL  coda  on  paga  B-9  usad 
to  calculata  alpha. 

(2)  Furthar  siaq>lify  FSEE  nodal  by  alisiinating  tha  thatan 
calculation  by  adjusting  tha  linits  on  tha  LIMIHT 
for  alpha,  than  aliminata  tha  calculation  of  a2  and 
adjust  the  calculation  of  a21.  This  nodification  has 
baan  takan  from  work  raportad  in  rafaranca  [ 5 ] . 

(3)  Modify  tha  MFC  model  to  sis^lify  afl,  dfl,  afrl,  dfrl, 
enffb,  and  xnv  circuit  calculations.  This  modification 
has  been  taken  from  work  raportad  in  rafaranca  [ 5 ] . 

simulation  validation  runs  %iara  made  to  examine  the  gas  turbine 
response  for  tha  above  modifications.  The  results  indicated 
that  tha  modifications  had  negligible  affect  on  tha  overall 
transient  response  of  the  gas  turbine.  Any  furthar  changes, 
corrections,  or  modifications  to  this  stodel  should  be  noted  in 
tha  CHANGE  RECORD  started  below: 


MODELING  CONVENTIONS: 


(1)  Use  CAPS  for  ACSL  statements,  ACSL  variables,  etc. 

(2)  Usa  lower  case  for  all  model  variables. 

(3)  Begin  Table  names.  Function  names  and  related  control 
variables  with  a  capital  letter. 


MODEL  REFERENCES: 


[1]  Mathematical  Models  and  ACSL  simulation  of  the  Integrated 
Electric  Drive  Study  Ship,  LM2500  Gas  Turbine  and  Gas 
Turbina  Control  system,  PDI  corp.  Report  324-041-02, 

June  1990. 

[2]  LM2500  Siaqilified  Non  Linear  Engine  and  control  System 
Simulation,  General  Electric  Marina  and  Industrial  Projects 
Departawnt,  G.  E.  Document  MID-TD-2500-13,  January  1978, 
Revised  April  1978. 

[3]  LM2500  Nonlinear  siaq>lifiad  Engine  Modal  for  lEC,  General 

95 


Electric  Karina  and  industrial  Engine  Projects  Departnent, 
6.  E.  Technical  Menorandua  86-438,  October  1986. 

[4]  Propulsion  Gas  Turbine  Hodule  UQSOO,  Table  3.2-4, 

Technical  Hanual  S9234-AD-MMO-010/LN2S00,  —  1  Deceaber 

1977;  and  DD  963  Class  Characteristics. 

[5]  simulation  of  a  superconductive  Electric  Drive  for  a 

General  Purpose  Destroyer  -  Part  I:  Basic  Approach  to 

Development  of  the  Propulsion  system  Math  Model,  C.  L. 

Patterson  and  B.  N.  Robey,  DTN8RDC  Report  TM-27-80-48, 
submitted  for  distribution  under  cover  letter  2711 :HHR  3900 
TM-27-80-48,  dated  25  September  1980. 

I 


CHANGE  RECORD: 


version  Date  Engr  Description 


0  08apr91  clp  Model  developed  and  Installed. 


1  18apr91  clp  inserted  new  MACRO  mfcO.mac  with  corrected 

afl6s&  calculation 

2  30apr91  clp  Replace  liM25gt0.mac  and  fseeO.mac  with 

corrected  versions 

3  16may91  clp  Replace  fseeO.mac  with  modified  version 

4  30may91  clp  Uncommented  TERMT  statement  to  permit  run 

to  stop  on  kshtdn  >  0  (TURBINE  SHUTDOWN), 
and  added  TERMT  on  ktbl  >  0  (TABLE  OVERRUN) 

5  01jul92  clp  corrected  decision  logic  coding  of  the  ALARM 

and  simulation  SHUTDOWN  section. 


»»»»»  Begin  LM2500  Mlsc  Constants  Modal  MACRO  ««««<« 


MACRO  LM2  5mc0 ( ki , kqhp , kgc , p2 , t2 , theta2 , sqrth2 , thta2v , thet2n , delta2 ) 

1  Inputs :  NONE 

I 

I  outputs:  ki  >  conversion  factor  for  rotational  accel 
I  kgc  >  conversion  factor  for  pounds  mass  to  slugs 

1  hqhp  >  conversion  factor  for  torque/rpm  to  HP 

1  p2  >  compressor  inlet  pressure 
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t2  ■  coapressor  Inlat  total  tanparatur* 
thata2  >  tasparatura  corraction  factor 
aqrth2  >  squara  root  of  thata2 
thta2v  « 

that2n  •  taaparatura  corraction  factor 
dalta2  «  anbiant  praasura  corraction  factor 


I  - - -  Daflna  tha  anbiant  conditions 

CONSTANT  tanb  >59.0  1  dagraas  F 

CONSTANT  panb  >  14.696  I  —  PSIA 

I - - - - —  Daflna  tha  convarslon  factor  for  rotational 

I  accalaration  calculations 

1  [  lei  >  (60.0  *  kgc)  /  (2.0*pi)  ] 

CONSTANT  ki  >  307.24  I  —  Ifasi-rpsi-ft/lbf-sac 

1  - - —  Daflna  tha  convarslon  factor  for  torqua  and  rpn 

t  to  horsapowar  [  kqhp  >  (60  *  550)  /  (2.0*pi)  ] 

CONSTANT  kqhp  >  5252.1  I  —  (ft>lbf /iiin)/hp 

1  — - —  Daflna  tha  convarslon  factor  for  pounds  nass  to 

I  slugs  (Gc) 

C<»ISTANT  kgc  •  32.174  t  —  lba)-'ft/lbf-sac**2 

I  +++++♦+  Bagin  initial  section 
I - INITIAL 


1 - . — —  Calculate  taiparatura  and  pressure  corraction 

I  factors . 


P2 

>  panb 

1 

—  psia 

t2 

>  tanb  +  459.7 

1 

—  dagraas  R 

thata2 

-  t2  /  518.7 

1 

—  nondiaenslonal 

sqrth2 

>  sqrt  (thata2) 

1 

—  nondinensional 

thta2v 

>  thata2  **  1.00 

1 

—  nondiaansional 

that2n 

>  thata2  •*  0.719 

1 

—  nondinsnsional 

dalta2 

-  p2  /  14.696 

t 

—  nondinsnsional 

1 - END 

1  ++++++++++++  of  INITIAL 

MACRO  END 


»»»»»>  End  of  LN2500  Misc  Constants  Nodal  MACRO  «««««« 


»»»»»»»»»  Begin  FSEE  Modal  MACRO  <<<<<<<<<<<<<<<<<<<< 
file  naswi  fsaaO.nac  dp  8-apr-91 
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The  power  lever  angle  (PIA)  controller  (FSEE)  model  for  the 
LM2500  gas  turbine.  It  has  been  developed  based  on  references 
[1],[2],  and  [5]  of  LM2500.ref.  It  is  essentially  a  MACRO 
version  of  the  model  included  in  the  simulation  reported 
in  [1]  with  a  few  modifications  based  on  [5]. 

This  model  requires  the  following  files  which  contain 
function  data  and  the  necessary  loolcup  routines: 

/models /LM2 5 0 0 / f un/data/Ui2 5 libl . a 
/models /LM2  500/ fun/data/ lookuplib . a 


CHANGE  RECORD: 


Version  Date  Engr  Description 


0  17apr91  dp  Model  developed  and  installed. 

1  30apr91  clp  Add  tic  to  MACRO  argument  list  and  change 

all  references  to  tic&zfc  to  tic 

2  2may91  clp  Modified  MACRO  argument  list  (added  z*s 

to  most  argumnts) 

3  16may91  clp  Change  nref&zt  to  nrefz,  add  to  argument 

list,  and  make  appropriate  code  mods 

4  02nov92  tjm  Added  parenthesis  in  p2t2&z6i  and  qcal&zti 

assignment  statements  to  fix  compiler  error  for  PC  use. 


MACRO  fsee0(z,p2,t2,ticmdz,Rptz,nptzi,p54z,p54zi,ticmdzi,  fc 
alphazi , ticz , alphaz , nref z ) 


inputs : 

P2 

t2 

ticmdz 

nptz 

nptzi 

p54z 

p54zi 

ticmdzi 

alphazi 


z  «  concatenation  variable 
compressor  inlet  pressure 
coiiq>ressor  inlet  total  tes^rature 
throttle  input  command  from  control  system 
power  turbine  shaft  speed 
npt  IC 

power  turbine  inlet  pressure 
p54  IC 
ticmd  IC 
alpha  IC 


outputs:  ticz  >■  bounded  ticmdz 

alphaz  ■  rotary  actuator  position  (actual  TIC  to  MFC) 


-  Power  turbine  torque  limit  — 
(20000  <«  qref  <-  45000  lb>ft) 
(qref  selected  for  vqB9.0  volts) 
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CONSTAMT  qr«f«s&  45000  i  —  torqu*  r«f 

CONSTANT  vgafftst  -  5000  1  —  torq  lia  Bcal*  factor  [Ib-ft/volt] 

CONSTANT  gl4z&  >  0.22  i  —  torqua  lia  gain 

1 - - - - -  Powar  turblna  RPM  liait  - - 

I  (2800  <>  nraf  <•  3900  rpat) 

i  (nraf  aalactad  for  vr>7.344  volts) 

CONSTANT  nrafz  -  3672  I  —  npt  liait  [rpa] 

CONSTANT  vnaftsa  -  500  I  —  npt  lia  scala  factor  [rpa/volt] 

CONSTANT  g3«z4  -  0.5  1  —  npt  Halt  gain 

t  -  Powar  turbina  RPM  rata  liait  - 

I  (dnraf  »  180  rpa/sac  — -  fixad) 

I  (dnraf  salactad  for  vr*>0.5  volts) 

CONSTANT  dnraf >  180  l  —  npt  rata  lia  [rpa/sac] 

C<»lSTANT  vrsftza  «  360  i  — rata  lia  scala  factor 


[  (rpa/sac) /volt] 


CONSTANT  g5tz&  >0.5  i  —  npt  rata  lia  gain 

!  - -  Dafine  uppar/lo'.fsr  liaits  for  tha  ecsaiand  input  and 

I  tha  TIC  rata  liziitar  plus  tha  gain  for  tha  rata 

1  liziitar 

CCHISTANT  tic«z«ul  ■  113.5  I  —  ccaaand  input  OX.  and  LI. 

CONSTANT  tic«z6ll  >13.0  I  —  [dagraas] 

CONSTANT  ticrl«z6ul  >22.5  I  —  TIC  rata  liaitar  OL  and  LL 

C(H(STANT  ticrlazftll  •  -89.0  I  —  (dag/ sac] 

CONSTANT  krata«z«  >10.  I  —  gain  constant 

I  — - — -  Dafina  uppar/lowar  ZMchanical  liziits  for  alpha 

CCWSTANT  alpha4z&ul  >  120.0  i  —  [dagraas] 

CONSTANT  alpha6z«ll  >13.0  t  —  [dagraas] 

I - — — -  Dafina  tha  gain  in  tha  calculation  of  drpaidt 

CONSTANT  Icrattz*  >0.16  I  —  nondiaanslonal 

I  ++++++♦  Bagin  INITIAL  Saction 
INITIAL 

I - - — — - — —  calculata  Tic  rata-lialtad  intagrator  output  IC 

tlcrliz&l  >  BOUND  (  tictzill,  tic6z4ttl,  ticadzl  ) 

I  -  calculata  rafaranca  voltagas  and  ics  for  poiiar 

i  turblna  torqua,  RPM,  and  RPM  rata  liailts 

vqtza  >  (qraftzft  /  vqsftzs) 

vn6z«  >  (nrafz  /  vnafAzA) 

vrAz*  ■  ( dnraf AzA  /  vrsfAzA) 
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I 

I 

i 


•maum>  KCTBt  Th«  p542i  calculation  has  boon  aovad  to  tha 
LN25gtO  mcso  sines  that  is  irttsra  ths  function  is 
shown  in  rsfersness  [1]  and  [2] 

sO&zai  ■  0.0 

p541&z«i  a  pS4si 

p5411&zl.i  -  p54l6z«i  *  1.015 

nptlazai  >  nptzi 

enpt&z&i  a  nptl&z«i  *  0.002 

snptltz&i  a  enptezai 

p54q&z&i  a  p5411tz&i  /  p2 

nptqtz&i  a  nptltzti  /  sqrt(t2) 

t 

1  Put  variables  based  on  function  loolcups 

1  in  a  PROCEDORAL 

1 

PROCEDURAL  (qmapAzAi  a  p54qAzAi,nptqAZAi) 
qmapAzAi  a  Pqnap(p54q&z«i,  nptqtzAi) 

END 

1 

1  End  IC  function  lookup  PROCEDURAL 

1 

qmapl&z&i  a  qmap&zAi 

p2t2&z4  a  p2  •  (  t2  **  (>0.157)) 

qcal&z&i  a  (qnaplAzAi  *  p2t2Az4) 

tabtr«z«i  a  qcal«z«i  *  0.0002  *  (  1  -  .66  /  .3  ) 

tglagAzAi  a  •npt&z«l  *  (l.O  -  (2.3  /  .047)) 

END  i>~of  initial 

1  +++++++  Begin  DERIVATIVE  Section 


I  -  Calculate  and  bound  Tic 

ticz  a  BOUND  (  tictzall,  tic6z6ul,  ticzidz  ) 
I  -  calculate  Rate  Linited  Tic 


ticrlAzA  aiNTEG  (  BOUND  (ticrl&zAll,  ticrlAzfiul,  & 

krateszA  *  (ticz  •  ticrlAzA)),  ticrlAzAi  ) 


I - — - -  Calculate  vtrqgs  (torque  liziiting) 

p541«z6  a  REALPL  (  0.014,  p54z,  p54l6z6i  ) 
p5411«ZA  a  REALPL  (  0.04,  p54l6z6  *  1.015,  p541l4zAi  ) 
p54qAZ6  a  p541lAZ6  /  p2 

nptlAza  a  REALPL  (  0.144,  nptz,  nptlAzAi  ) 
nptqazA  a  nptlAzA  /  sqrt(t2) 

9Bap«z«  a  pqnap  (  p54q6z6,  nptqAzA  ) 

qsMiplAzA  a  REALPL  (  0.03,  qaiaptsA,  qnaplAzAi  ) 

qealAzA  a  (p2  *  (t2  *•  (-0.157))  *  ^naplAzA) 

tabtrlAzA  a  LEDLAO  (  0.66,  0.3,  qealAzA  *  0.0002  ,  tabtrAzAi  ) 

e5AzA  a  (vqAzA  -  tabtrlAzA) 

delvtqAzA  a  BOUND  (  -9999.,  0.0,  e5AzA  ) 

vtrqgsAzA  a  (delvtqAzA  •  glAzA) 
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I  -  calculat*  vtop  (topping  govarnor) 

anpt&z&  *  (0.002  *  nptlazo) 


tglagtzt  «  LEDZJW3  (  2.3,  0.047,  anpttza,  tglagaz«l  ) 

mltzt  >  (vnaza  -  tglag&zfc) 

a6&Z&  >  BOOHD  (  -9999.,  0.0,  a7«z4  ) 

vtoptza  >  (a6az&  *  g3aza) 

I - - - - -  calculate  vrate  (Acceleration  Liziltlng) 

1 

I  Note  that  the  next  two  linea  match  the  block  diagram 

1  in  effect  but  need  to  be  expressed  this  way  to  handle 

1  the  initial  conditions  properly 

enptltz&  •  INTEG  (  (enpttza  -  enptl&zt)  /  0.04,enptlfcz«i) 
drpaidt«z&  «  krat«z«  *  4.7  *  (enpt&zt  -  enptltz&  )  /  0.04 
e9AzA  *  (vr&zA  -  drpaidt4z&) 
eo&za  «  BOCND  (  -9999.,  0.0,  e9«z«  ) 
vrateAzA  «  (eOAzA  *  gSAzA) 


I  - - - -  Calculate  anegvl 

snegwlAzA  «  MIN  (  vtrqgsAZA,  MIN  (  vtopAzA,  vrateAzA)) 

I  Calculate  ALPHA  (see  notes  at  top  on  aiodifications 

1  to  this  section) 


e2lAzA  •  (tlcrlAzA  -  alphaz)  *  0.094066 

PROCEDURAL  (  xk3lAzA  -  eSAzA,  e7AzA) 
xk3lAzA  m  14.0 

IF  ((eSAZA  .LT.  0.35)  .or.  (e7AzA  .LT.  0.35))  xk3lAzA  -  2.2 
END 

e22AzA  -  BOUND  (  -14.0,  xk3lAZA,  e21AzA  «  60.0) 

PROCEDURAL  (  e23AZA  «  e5AZA,  e7AzA,  e9AzA,  e22AzA) 
e23AzA  «  e22AzA  /  3.0 

IF  ((05AZA  .LT.  0.0)  .or.  (e7AzA  .LT.  0.0)  .or.  (e9AzA  .LT.  0.0))  A 
e23AzA  ■>  e22AzA  /  40.0 

END 

PROCEDURAL  (  thdot2AzA  -  e23AZA  ,  snegvlAzA  ) 

IP  ((e23AzA  +  snegvlAzA)  .LT.  -6.766  )  thdot2AzA  ■  -131.646 
IF  ((e23AzA  +  snegvlAzA)  .6E.  -6.766  A 

.AND.  (e23AzA  +  snegvlAzA)  .LT.  -0.08445)  A 
thdot2AzA  -  (93.0  *  (e23AzA  +  snegvlAzA)  *  7.854  )  /  4.72 
IF  ((e23AzA  *  snegvlAzA)  .6B.  -0.08445  .AND.  A 

(e23AzA  -I-  snegvlAzA)  .LT.  0.08445}  thdot2AzA  -  0.0 
IF  ((e23AzA  -f  snegvlAzA)  .OB.  0.08445  .AND.  A 
(e23AzA  snegvlAzA)  .LT.  1.316)  A 

thdot2AzA  •  (93.0  •  (e23AzA  +  snegvlAzA)  -  7.854  )  /  4.72 
IF  ((e23AzA  -f  snegvlAzA)  .OE.  1.316  .AND.  A 
(e23AzA  *  snegvlAzA)  .LT.  109.84)  A 

thdot2AzA  >  (93.0  *  (e23AzA  *  snegvlAzA)  -f  2159.42  )  /  94.0 
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ir  ((a23«z&  ■nagvl&z«)  .GB.  109.84)  thdot2«z&  -  131.646 
BHD 

alpbaz  >  I«IN11IT(  (57.3/55.64)*thdot2&z6,alphazl,alpha&z6ll,alpha&z6ul) 
MACRO  BHD 

I  »»»»»»»»»>  Bnd  of  F8EB  Modal  MACRO  <<<<<<<<<<<<<<<<<<<< 


»»»»»»»»»  Bagin  MFC  Modal  macro  <<<<<<<<<<<<<<<<<<<< 


fila  nazMt  zifcO.ziac  clp  9-apr-91 

Main  fual  controllar  aiodal  for  tha  ZJ12500  gas  turbina.  It 
bas  baan  davalopad  basad  on  rafarancas  [1],[2],  and  [5]  of 
LM2500.raf . 

Tbls  siodal  raqulras  tba  following  filas  «diicb  contain 
function  data  and  tba  nacassary  lookup  routinast 

/aodals /LM2 5 0 0 /f un/data/LM2 5 libl . a 
/modals /LM2 5 0 0 / fun/data/ lookuplib . a 


CBAH6B  RBCORD: 


varsion  Data  Bngr  Dascription 


0  17apr91  clp  Modal  davalopad  and  installad. 

1  18apr91  clp  cbanga  wfuali  to  wfual  in  afltza 

calculation 

2  2siay91  clp  Modifiad  MACRO  argunant  list  (addad  z*s 

to  appropriata  argusMnts) 


MACRO  Hifc0(z,t2,tbat2n,sqi:th2, alphas, nggz,pB3z,Feu:gO,Fargl,nggzi,  6 
ps3zl,wfualzi,alphazi,wfoalz) 

I  inputs)  z  >  concatanation  variabla 

I  t2  >  comprasBor  inlat  total  taaparatura 

I  that2n  •  tanparatura  corraction  factor 

I  sqrth2  >■  square  root  of  thata2 

i  alphas  ■  rotary  actuator  position  (actual  TIC  to  MFC) 

1  nggz  •  gas  ganarator  spaad 

I  ps3z  >  cosqprassor  discharga  static  prassura 

I  Fargo  «  FORWARD  lookup  function  interpolation  flag 

i  Fargl  •  BACKWARD  lookup  fun  intarp  (ARC  1  dependant) 

i  nggzi  <■  gas  ganarator  spaad  IC 

I  ps3sl  <■  ceaqprassor  discharga  static  prassura  xc 
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wfu«lzi  ■  wfu*ls  IC 


I 
I 

1  outputs:  alphssl  •  alpha  IC 


I  vfualz  «  fual  flow  rata 

1  - - -  Daclare  array,  varlabla  and  constant  typas 

DIMENSION  nfw&z«(3) 

1  -  Daflna  sosia  constants  for  the  MFC  BK>dal 

CONSTANT  mfw&za  -  159.4,  2091.3,  13659.6 

CONSTANT  mfkacaza  >  0.582 

CONSTANT  nfkfr6Z&  -  0.17259 

CONSTANT  nfknvazt  -23.0 

CONSTANT  Bfknaza  >  4.608E-8 

I  +++++++  Bagln  INITIAL  saction  -M-+4-i“M“i^+++++++++++-f++++++++++++ 
INITIAL 

I  - - -  Calculata  MFC  ziodal  ics  »«»«>  MOTE:  tha  wfualzi 

I  and  ps3zi  calculations  hava  baan  ziovad  to  tha 

I  liM25gtO  MACRO  sinca  that  is  idiara  tha  functions 

I  ara  shown  In  rafaranca  [1] 

arnffbazAl  ■  0.0 


xmvAzAl  ■  BOUND  (  0.0,  1.0,  (-Bifw&ZA(2)  -f  6 

sqrt(infw«z6(2)**2.0  -  4.0*aifw&z6(3)*(nfw6z&(l)  6 

-  wfualzi) ))/(2.0*Bfwttz6 (3))) 
arllg«z«l  ■  xinrAzAl 

drllgtzal  •  xnvtzAl 

ps3wc6z&l  *  ps3zl 

nggltzal  «  nggzl 

I 

I  Put  varlablas  basad  on  function  lookups 

I  In  a  PROCEDURAL 

1 

PROCEDURAL  (alphazl  >  nggzl, Fargl) 
alphazl  »  ordngg(  0.0,  nggzl, Fargl) 

END  I— -End  IC  function  lookup  PROCEDURAL 

END  I - of  Initial 

I  +++++++  Bagln  DERIVATIVE  Saction  +++++++-^++++++++++++++++++++++++++ 


{ - - — - - -  Tha  NFC  saction  has  baan  aodiflad  to  slapllfy  tha 

I  calculation  of  AFL  and  DFL  basad  on  rafaranca  [5] 

j - -  Damand  gas  ganarator  spaad 

dnggaz6  >  Ordngg  (alphas,  0.0,  FargO) 

1  ~ — Error  signal 

anggtza  •  (iifkn6Z6*( (dngg6s6**2)  -  (nggz**2))  -  aziffbAzA) 
azufaatAzC  >  BOUND  (dflAzt,  aflAzA,  anggtzA) 
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erx&z& 


BOUND  (dfrl«s«,  a£rl«s«,  •nfsattsft) 


I  -  Paadback  signal  (saa  pagas  c-2,8-9  and 

I  flguras  8-C  and  9-c  of  rafaraiua  [5]) 

amffbtzit  -  RBAX.PL(0.S0,(11.5*arxaz&),  anffbAzSl) 

afrltza  «  -  (2.0  *  aziffbazt  -  Bfkfrazt) 

dfrl&za  >  -  (2.0  *  anffb&za  -f  afkfrtzft) 

1  -  Accalaratlon  t  dacalaratlon  liziits  (saa  pagas 

I  C-2,5  and  flgura  3-c  of  rafaranca  [5]) 

afl&z&  «  (AIi06(wfac&z&/wfualz)  *  sifkac&z&) 

dfl&z&  -  afl&zCt  -  0.93669 

1 - - -  Calculata  wfac 

Ps3%r:6z&  «  REALPL(  0.04,  ps3z,  ps3«c6s6i  ) 

ngglaza  >  REA1.FL(0.04,  nggz,  nggl6z6i) 

wfac6z&  >  (Fwace(nggl&zt/sqrth2,  t2)  *  (that2n)  *  ps3wc<tzt) 

j  -  calculata  fual  valva  position  and  tha  fual 

1  as  a  function  of  position 

XIIIV&Z6  a  (INTB6(2.0  *  amffb«z«,  XBvSzal)  +  aaffbaza) 

wfualz  a  Iifw6s6(3)*xiiiv«z6**2  *  aifw&z&(2)*x8iv6z6  aifw6z6(l) 


MACRO  END 

I  »»»»»»>»»»  End  of  MPC  Modal  MACRO  <<<<<<<<<<<<<<<<<<<<< 


»»»  Bagln  Gas  Ganarator  and  Powar  Turbina  Modal  macro  ««« 
flla  nasiai  LM25gt0.siac  dp  9-apr-91 


Gas  ganarator  and  powar  turbina  sodal  for  tha  LM2500  gas 
turblna.  It  has  baan  davalopad  basad  on  rafarancas  (l]r[2]# 
[3],  and  [4]  of  Uf2S00.raf.  It  is  assantially  a  MACRO 

▼arslon  of  tha  ziodal  includad  in  tha  sinulatlon  raportad 
in  [IJ. 


This  ziodal  raquiras  tha  following  filas  idiich  contain 
function  data  and  tha  nacassary  lookup  routinas: 


/ziodals/Uf2500/fun/data/LM251ibl.a 
/Biodals/Ul2500/f  un/data/lookuplib .  a 


It  also  naads  tha  following  paranatarst 


rpsurad,  ftlbhp 

tram t  /hoaw/ra4/pattarson/acsl/conBtants  .aod 
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CHMI6B  RECORDS 


Version 

Date 

Bngr 

Description 

0 

17apr91 

clp 

Model  developed  and  installed. 

1 

30apr91 

dp 

Add  torque  base  (qptb)  calculation 

2 

2iiay91  dp  Modified  MACRO  arguzient  list  (added  z's 
to  appropriate  argunents) 

3 

14iiay91 

clp 

Add  horsepower  base  to  MACRO  arguaent  list 

M  hpzb  and  malca  nacasaary  coda  changaa 


MRCRO  LM25gt0(z,t2,dalta2,8qrth2,that2n,thta2v,]cl,lcgc, Fargo, FargI,  t 
tlcz , wf ualz , nptzl ,qloadi, nggzl, iptz , ps3z , paSzl, p54z ,  & 
p54zl , wf ualzi , nggz , npt z ,  i^tzb, gaz , gptzb , hpzb ) 

I  inputs:  z  «  coneatanation  variabla 

1  t2  «  coagsrassor  Inlat  total  tangsaratura 

I  dalta2  •  aaibiant  prassura  corraction  factor 

1  aqprth2  >  squara  root  of  thata2 

I  that2n  •  taagsaratura  corraction  factor 

I  lei  «  convaraion  factor  for  rotational  accal 

I  kgc  *  convarsion  factor  for  pounds  nass  to  slugs 

1  Fargo  ■  FORMARD  lookup  function  interpolation  flag 

I  Fargl  <■  RACKNARD  lookup  fun  intarp  (ARG  1  dependant) 

!  ticz  «  throttle  input  conmand 

I  vfualz  -  fuel  flow  rata 

I  nptzi  «  power  turbine  shaft  spaed  ic 

i  qloadi  «  qload  IC 

I 

I  outputs snggzi  >  gas  generator  spaed  IC 
1  iptz  a  rotational  inertia  of  power  turbine 

1  ps3z  a  cosqsrassor  discharge  static  prassura 

i  p83zi  a  pais  ic 

I  p54z  a  power  turbine  inlat  prassura 

I  p54zi  a  p54z  IC 

I  wfualzi  a  %rf  IC 

t  nggz  a  gas  generator  spaed 

i  nptz  a  power  turbine  shaft  spaed 

i  nptzb  a  power  turbine  shaft  spaed  base  RFM 

I  qez  a  power  turbine  shaft  output  torque 

t  qptzb  a  power  turbine  shaft  base  torque  [XA-FT] 


I  - - - — — — —  Declare  array,  wariabla  and  constant  types 

LOGICAL  ltS4AsAa,  InggAzAa 
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IHTBGER 


kalaxntsA,  kahtdn&zt,  ktblts& 


I  -  Deflna  the  difference  between  gee  generator 

I  turbine  exhaust  teaig>eratura  (TSl)  and  power 

I  turbine  Inlet  tenperature  (T54)  as  a  function  of 

I  gas  generator  speed  (HGG)  and  power  turbine  speed 

I  (NPT)  [DBG  F].  See  OHSs  notes  of  1/8/90  for  the 

I  source  of  this  data 

TABLE  Tdt54Sz«,2,6,6/  4 

0.0,  54.19,  76.32,  86.50,  96.67,  999999.0,  & 

0.0,  500.0,  2000.0,  3000.0,  3960.0,  99999.0,  4 

46.3,  46.3,  31.3,  47.3,  58.3,  58.3,  i 

46.3,  46.3,  31.3,  47.3,  58.3,  58.3,  & 

52.3,  52.3,  38.3,  50.3,  61.3,  61.3,  4 

52.3,  52.3,  44.3,  55.3,  63.3,  63.3,  4 

52.3,  52.3,  50.1,  61.3,  68.3,  68.3,  4 

52.3,  52.3,  50.1,  61.3,  68.3,  68.3/ 

I  -  Define  the  power  turbine  speed  setpoint 

1  and  the  gas  generator  design  rpst 

CONSTANT  nptzb  -  3600.  1  —  power  turbine  rpsi  base 

CONSTANT  hpzb  ■  25000.0  1  —  paver  turb  base  horsepower 

CONSTANT  ngg4z4b  >  9827.  I  —  gas  gen  design  rpai  base  (100  pet) 

I  -  Define  the  Inertia  of  the  gas  generator  rotor 

1  This  value  Is  from  LK25xiacO.Biod  reference  [2] 

CONSTANT  Igg4z4  «  566.7785  1  —  lbm-ft**2 

I - - — - — -  Define  the  Inertia  of  the  power  turbine,  use 

t  value  specified  by  6E  (via  Lee  Tupper) 

1  (lptz«  1915  for  validation  check,  see  ref  [2]) 

CONSTANT  Iptz  -  2171.5  I  —  lbsi-ft**2 

I  +++++++  Begin  initial  section  ++++++++++++++++++++++++++++++++++++ 
INITIAL 

I  -  Initialize  alarm  and  shutdown  parameters 

lt544Z4a  -  .FALSE. 

Ingg4z4a  <■  .FALSE. 
kaiarm4z4  «  0 

kshtdn4z4  *  0 

I  -  calculate  power  turbine  base  torgue 

qptzb  «  (hpzb  *  ftlbhp  *  rpmrad)  /  nptzb 

I  - - -  Calculate  gas  generator  and  power  turbine 

1  Biodel  ICS,  p54zl  for  the  fsee  ziodel,  and 

1  ps3zl  and  wfuelzl  for  the  MFC  model 

•  (100.0  /  ngg4z4b) 


kpngg4z4 
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nptrtzAl  ■  nptil  /  •qrth2 
d«lwf«s&i  ■  0.0 
I 

I  Put  vurlablas  bas«d  on  function  lookups 

I  in  S  PSOCSDURAL 

I 

PROCEDOIUX.  ( pnggrts&i , t4pl«s&i , t5 Ipltz&i , p54r2fts«i , ps3r2«s&i , wf uslzi  4 
«  nptrczci , dslvf &z4i , qlosdi, dslt«2 , Pargl , tht«2v, thst2n ) 

pnggr&z4i  >  P<lqp(0.0,nptr4z&i,dslwf&z4i,qloadi/dslta2,Fargl) 
t4pl4z&i  *  Pt4(pnggr4zti,i9tr4z&i,dslwfftz4i)  •  thta2v 
t51pl4z4i  ■  Ft51(pnggr4z4i,nptr4z4i,dolwf4z4i)  •  thta2v 
p54r24z4i  >  Fp54(pnggr4z4i,nptr4z4i,dslwf4z4i) 

pB3r24z4i  ■  Fpa3(pnggz4z4i,nptr4z4i,dslwf4z4i) 
wf uslzi  >  Pwfs(pnggr4z4i,nptr4z4i)*  thet2n  *  dslta2 

END 
1 

I  End  IC  function  lookup  PROCEDURAL 

i 

nggzi  >  (pnggr4z4l  /  kpngg4z4  )  *  sqrth2 

p54zi  >  pS4r24z4l  *  dslta2 

ps3zi  ■  ps3r24z4i  *  dslta2 

END  I— of  initial 

I  +++++++  Bsgin  DERIVATIVE  Section 

I  -  CAS  GENERATOR  SECTKNi  - 

j  Calculate  delwf 

wfsr24z4  •  Pwfs(pnggr4z4,nptr4z4) 

delwf 4z4  •  (  (wfuelz  /  (thet2n  •  delta2  ))  -  wfsr24z4  ) 

I  -  Calculate  remainder  of  gas  generator  model 

I  variables 

t4r24z4  ■  Ft4(pnggr4z4,nptr4z4,delwf4z4) 

w4r24z4  ■  Fw4(pnggr4z4,delwf4z4) 

t4p4z4  <■  (t4r24s4  *  thta2v) 
w44z4  >  w4r24z4  *  (  delta!  /  sqrth2) 

tut4h4z4  •  0.204785  *  (  w44z4  *•  0.8  )  /  {  t4p4z4  **  0.4  ) 

t4pl4Z4  -  REAZ.PL(l/tUt4h4Z4,t4p4S4,t4pl4Z4i) 

t4u4z4  ■  (  t4p4Z4  -  t4pl4z4  )  *  tut4h4z4  *  49.979957 

dt4hs4z4  -  -  (  t4u4Z4  /  w44z4  ) 

t44Z4  ■  (dt4hs4z4  -I-  t4p4z4) 

q4r24z4  >  rq4(  pnggr4z4,nptr4s4, delwf 4z4  ) 

q44z4  ■  (  q4r24s4  •  delta!  ) 

dq4s4z4  •  ( (  dt4hs4z4  /  t4p4z4  )  *  q44s4  ) 

dqhr24z4  •  P^h(  pnggr4s4, delwf 4s4  ) 

qh4z4  >  ((  dqhr24z4  *  delta!  )  +  dq4s4Z4  ) 

nggz  •  lNTEO(  qh4Z4  *  (  ki  /  igg4s4  )  ,  nggzi  ) 

pngg4z4  >  (  nggz  *  kpngg4z4  ) 

pnggr4z4  ■  pngg4z4  /  sqrtb! 

ps3r24z4  >  Pps3(pnggr4z4,nptr4z4,delwf4z4) 

ps3z  ■  ps3r24z4  *  delta! 
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I 


POKSR  TOSBIME  8ECTX0II 


t51r2&z&  >  Ft51(pnggr&zt»nptrtz&,d«lwftzt) 

w54r2&zt  >  rw54(pn9grftz&,d«lwf&z&) 
tSlptzfc  -  t51r2&z«  *  thta2v 
W544Z&  *>  w54r2tzt  *  (  d«Itz2  /  sqrth2) 

tutSlh&zt  «  0.06875  •  (  w54&z4  •*  0.8  )/  (  tSlptzfe  **  0.4  ) 
t51pl&z&  -  REAX.PX.(l/tut51htz&,tSlptz«,t51pl&z&i) 
tSlu&z«  -  (  t51p&z«  -  tSlpl«z&  )  *  tutSlh&zfi  *  116.0073 
dt51h8&z&  ■  -  (  tSlu4z&  /  w546z4  ) 
t51«z«  -  (dt51hs4z4  +  t51p4z4) 

t54&z&  >  t51&zfc  -  459.7  -  Tdt54&z&  (pnggr&z6,  nptr&z&) 

t51g&z&  -  (t51&z&  /  t51p&z&) 

p54r2&z&  -  Fp54(pnggr&z4,nptr&z<i,deltrftz4) 

p54z  •  p54r2&z&  *  delta2  *  sqrt  (  t5lq4z&  ) 

dqptrfczft  >  Fdqp(pnggr4z&,nptr&z&,d0lwf&z&,O.O,FargO) 

qez  •*  t51q4z&  •  doptrazA  •  d0lta2 

nptr&zt  -  nptz  /  ai^rth2 

I  -  Aiarn  and  aizulation  shutdown  section  - 

PROCEDURAL  (  kalaznAzA,  kshtdn&z4  >  t54«z&,  nggz,  nptz,  ticz  ) 
l 

IF  <(t54&Z«  .GT.  1500.0)  .AND.  (.NOT.  lt54&Z&a) )  THEN 
lt54«Z6a  -  .TRUE. 
kalaznAzA  >  kalazziAzt  1 
PRINT  LOltZ 

L014Z«..FORNAT(/, *  »«>  ALARM  Condition:  t544z4  .GT.  1500  <>«>',/) 

ELSE  IF  ((t54&z4  .LT.  1500.0)  .AND.  It54&zta)  THEN 
lt54&Z«a  -  .FALSE. 
kalam&z4  »  kalazii&z&  -  1 

ELSE 

CONTINUE 

ENDIF 

1 

IF  (t54&Z«  .GT.  1530.0)  THEN 
kshtdn4z4«  kshtdntzA  *  1 
PRINT  L02&Z 

L024Z&.  .FORMAT (/, '  ■—>  SHUTDOWN  Condition:  t54«z4  .GT.  1530  <-«-•, 

ENDIF 
I 

IF  ((nggz  .GT.  9700.0)  .AND.  (.NOT.  Ingg&z4a))  THEN 
kalazziAzt  >  kalanoAzA  +  2 
PRINT  L036Z 

L034Z4.  .FORMAT  (/, '  >■>>  ALARM  Condition:  nggz  .GT.  9700  <>»’,/) 

ELSE  IF  ((nggz  .LT.  9700.0)  .AND.  InggAzAa)  THEN 
InggAzaa  >  .FALSE. 
kalamAzA  -  kalaznAzA  -  2 

ELSE 

CONTINUE 

ENDIF 

I 


IF  (nggz  .GT.  10122.0)  THEN 
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kshtdntz&  «  kshtdn«z«  2 
PRIHT  L04tz 

L046z«..FORNAT(/,'  -*»>  SHUTDOWN  Condltlont  nggz  .6T.  10122  <—«•,/) 

ENDIF 

1 

IF  (nptz  .6T.  3960.0)  THEN 
kshtdnszs  ■  )cshtdn&z4  +  4 
PRINT  L054Z 

I.054Z&.. FORMAT (/,  •  — »  SHUTDOWN  Condition:  nptz  .GT.  3960  <—«•,/) 

ENDIF 

1 

IF  ((nptz  .LT.  100.0)  .AND.  (ticz  .6T.  30.0))  THEN 
kBht(in4z6  ■  kzht^«z4  *  6 
PRINT  L066Z 

L066Z&.  .FORMAT(/,  *  »->  SHUTDOWN  Condition:  nptz  .LT.  100  <-»•,/) 

ENDIF 

I 

END 

I  -  S««  if  any  of  tha  data  lookup  tablas  vara  ovarrun 

PROCEDURAL  (  lctbl&z4  ■  pnggr4z4,nptr6z4,p54g6z6,nptq&z4,nggz, t2  ) 

ktbl&z«  >  0 
I 

IF  ((pnggr6z4  .LT.  46.81)  .OP.  (pnggrtzi  .GT.  99.73))  THEN 
ktbl4zli  ■  ktblirZS  4-  1 
PRINT  Ltl4z,  pnggrsz 

Ltl6z6..FORMAT(/, *  — «>  TABLE  OVERRUN  :  46.81  <  pnggr&z6  <  99.73*,  & 

•  <«««<,/,•  (  pnggr4z«  »  •,F6.2,*  )•,/) 

ENDIF 

t 

IF  ((nptrczt  .LT.  600.0)  .OR.  (nptr«z«  .GT.  4000.0))  THEN 
ktblazit  "  ktbl4z4  *  2 
PRINT  Lt2«z,  nptr«z 

Lt24z«. .FORNAT(/, ’  — >  TABLE  OVERRUN  :  600  <  nptrbzt  <  4000',  « 

•  <-•-•,/,•  (  nptrtz*  -  •,F7.1,'  )',/) 

ENDIF 

I 

IF  ((p54q6z6  .LT.  1.00)  .OR.  (p54q4z4  .GT.  4.60))  THEN 
ktblczt  ■  ktbltzc  *  4 
PRINT  Lt34z,  p54q4z 

Lt34z4. .FORMAT (/, '  — »  TABLE  OVERRUN  :  1.00  <  p54q6Z6  <  4.60',  6 

'  (  p54q4Z6  -  ',F4.2,'  )',/) 

ENDIF 

t 

IF  ((nptqtzft  .LT.  21.933)  .OR.  (nptqizft  .GT.  175.467))  THEN 
ktbl4z4  «  ktbl4z6  4  8 
PRINT  Lt4«Z,  nptqcz 

Lt4«Z«.. FORMAT (/,'  ««>  TABLE  OVERRUN  :  21.93  <  nptqtzfi  <  175.47',  6 

•  (  nptqtzt  -  ',F7.2,'  )',/) 

ENDIF 

1 

IF  ((nggz  .LT.  4000.0)  .OR.  (nggz  .GT.  10000.0))  THEN 
ktbl4z4  •  ktbl4z4  4  32 
PRINT  Lt54s,  nggz 
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Lt5«S«..FOKIUT(/,’  »»>  TABLE  OVEKROM  t  4000  <  nggs  <  10000*,  4 

•  <—*,/,*  (  pnggrAst  -  )*,/) 

ENDir 

I 

IF  ((t2  .LT.  430.0)  .OR.  (t2  .OT.  S95.0))  THEE 
ktblAzA  >  Ictbl&sA  +  64 
PRINT  Lt6Cs,  t2 

Lt64S4. .FORMAT (/, ’  -«»  TABLE  OVERRUN  t  430  <  t2  <  595*,  « 

•  <—•»/,•  <  t2  -  •,F6.l,*  )*,/) 

ENDIF 

I 

END 

I  This  sianilation  tezBinatlon  eritaria  should  ba  anablad  whan  tha 
I  final  outar  loop  controls  and  ganarator  and  notor  aodals  ara 
I  installad. 

TERMT  (kshtdntzA  .gt.  0,*  -•«>  TURBINE  SBUTDONN  OCCURRED  *) 
TERMT  (lctbl&Z&  .gt.  0,  *  -«»  TABLE  OVERRUN  OCCURRED  * ) 

MACRO  END 

1  »»»>  End  Gas  Ganarator  and  Fowar  Turbina  Modal  MACRO  «««< 


A.10  Gas  Turbine  Governor 


»»»  Bagin  Fowar  Turbina  Shaft  Spaad  control  Modal  MACRO  <«« 
fila  nanai  LM25crpn4 .mac  dp  22-nov-91 


This  macro  is  a  slight  modification  of  ''LM25crpsi2.mac** 
to  permit  tasting  of  tha  raducad-ordar  models  of  tha 
alactrical  ccsqponants. 

This  program  ganaratas  a  throttle  input  cosauuad  (tiemds) 
to  control  power  turbine  shaft  spaad  to  a  rafaranca  input 
which  is  equated  to  tha  base  shaft  RFM  (for  tha  LM2500  tha 
base  spaed  is  fixed  at  3600  RFM).  The  controller  sums  two 
inputs  (tien  and  tics)  which  ara  generated  by  a  F/I 
controller  and  a  horsepower  demand  circuit,  raspactivaly. 
Tha  power  demand  circuit  accapts  a  desired  par  unit  steady 
state  power  demand  and  datazdnas  tha  equivalent  steady 
state  power  lever  angle  (tics).  (NOTEi  tha  F/l  controller 
has  bean  **tunad**  to  a  rafaranca  speed  of  3600  RFM  and  tha 
table  **Talpha4z4**  has  bean  developed  for  that  speed.) 

Tha  F/I  controller  generates  an  error  signal, 

narr  ■  nptraf  -  npt 


MODELING  CONVEMTIONBt 


no 


(1)  uaa  CAPS  for  ACSL  atatoMota,  ACSL  varlabloa,  ate. 


(2)  Uaa  lowar  caaa  for  all  nodal  variablaa. 

(3)  Bagin  Tabla  naaaa.  Function  naMa  and  ralatad  control 
▼arlablaa  with  a  capital  lattar. 


CBAHCE  RECORD t 


Version 

Date 

Engr 

Description 

0 

22nov91 

dp 

Model  developed  and  Installed. 

1 

13iiay92 

ow 

deleted  "COMSTAMT  Ipwrdz  >  .false.” 

2 

19jun92 

ow 

deleted  variables  hpgen,  Ipwrdz,  and  hpgeni 

3 

02nov92 

tja 

declared  IholdtstPl  as  LOGICAL  to  fix  PC 
ccaipller  problew. 

MACRO  XJl25crpn4<z,nptsb,nptaord,nptxordi,nptai,npta,hpab,  t 
hp9an,hpgani,hpzord,bpzordiApM:/  4 
ticzul , ticzll , ticndz , ticadzi ) 

inputat  z  «  concatenation  wariabla 

nptzb  >  power  turbine  abaft  apaad  baaa  RPN 
nptzord  >  ordered  power  turbine  abaft  RPM 
nptzordl  >  ordered  power  turbine  abaft  RPM  ic 
nptzi  •  power  turbine  abaft  apeed  IC 
nptz  >  power  turbine  abaft  apeed  RPM 
hpzb  «  power  turbine  shaft  base  horsepower 
hpgen  «  generator  horsepower 
hpgeni  >  generator  horsepower  ic 
hpzord  >  ordered  turbine  horsepower 
bpzordl  >  per  unit  turb  horsepower  desired  ic 
Ipwr  m  true  for  power  daaiand  node 

outputs!  tlcndz  ■  throttle  input  coanand 

ticadzi  •  throttle  input  ccaaeand  IC 

-  Define  the  table  for  alpha"  f( percent  qpt).  This 

table  was  originally  developed  using  LM25test.esl 
with  alphaqpt.rtc  to  obtain  IC  values  of  alpha  for 
kqload  values  corresponding  to  the  percent  base 
load  torque  of  a  25000  8HP  power  turbine  operating 
a  3600  RPM.  Then,  when  the  controller  was  added 
to  LN25test.csl,  the  data  was  refined  by  setting 
khpsatl  to  the  per  unit  equivalent  of  percent  BP 


and  ualng  tha  eonnand  saquancat 

8BT  tatp-0 
START 

AMALTZ/TRIM 
D  kbpaatl,  alphatl 

to  datarmlna  tha  trlmad  valua  of  alphatl.  An 
additional  point  was  addad  for  khpsstl«1.05  pa. 


TABLE  TalphaA2t,l,16/  & 

-100.0,  00.0,  05.0,  10.0,  20.0,  30.0,  40.0,  50.0,  A 

60.0,  70.0,  80.0,  90.0,  100.0,  105.0,  110.0,  999.9,  A 
13.000,  13.000,  49.4295,  54.6614,  61.0988,  66.6192,  A 
71.5426,  75.7921,  80.0053,  84.1948,  88.9893,  94.0248,  A 
98.9640,  102.5660,  108.0,  108.0  / 

LOGICAL  IholdAsAPI 

I  +++++++  Bagln  INITIAL  Saetion 

INITIAL 

IholdAsAPI  >  .falsa. 

I  — — — — — Powar  turblna  shaft  spaad  rafaranca  satpolnt 


nptAsArl  ■  nptzordl 


I  calculata  spaad  controllar  throttla  Input 

1  cosaund  ic 


narrAzAl  >  nptAzAri  -  nptzi 
pcntrlAzAl  ■  kclAzA  *  narrAzAl 
IcntrlAzAl  >  narrAzAl 
ticnAzAl  <■  pcntrlAsAi  IcntrlAzAl 

pwrdAzAl  B  100  •  (hpsordl  /  hpzb) 
tlcsAzAl  •  TalphaAsA(pwrdAzAi) 

tlcBidzl  ■  (tlenAzAl  tlcsAzAl) 

END  t  of  INITIAL 

i  Bagln  DERIVATIVE  sactlon 


1  - — — — - - —  shaft  spaad  control  constants 

CONSTANT  kclASA  -  0.5,  tclASA  -  3.0 
I  ——————  P/I  Integrator  bound 

CONSTANT  IcllsdisA  ■  70.0  I  llsdt  Integrator  to  awold  windup 
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1  - -  shaft  spead  controllar  (  ganaratas  throttla  input 

I  caamand  —  ticBtdz  >  tlcn  tics).  A  simpla  P/I 

I  controllar  ganaratas  tha  ticn  tarn  givan  a 

t  rafaranca  spaad,  tha  actual  spaad  and  a  calculated 

t  delta  RPN  proportional  to  horsepower  desiand.  Tha 

!  tics  term  is  based  on  a  par  unit  desired  horsepower 

I  input  command.  Sinca  constant  spaad  is  assumed, 

1  tha  par  unit  horsepower  is  also  tha  par  unit  torque. 

hpt&zaord  «  RSW(lpwr,hpzord,hpgen)  t  ordered  turbine  hp 
npt&zfcr  »  nptzord 

hp&z&d  ■  BOUND (0.0,  hpzb,  hptfcz&ord)  l  —  lizdt  daziand  to  rated  BP 

nerr6z&  *  (npt&z&r  -  nptz)  t  spaad  error 

pcntrl&za  «  (kcl&z&  *  nerr&zCr)  i  proportional  control 

icntrl&z&  >  LZMINT(  (kcl<iZ&/tcl<iz&)*narraz6*]choldPX&zfc,  narrfczfti,  & 

>iclifflaz«,  iclim&z&)  t  integral  control 

ticn&z&  >  pcntrldza  +  icntrl&z  I  —  ticn 

pwrdazfi  >  100  *  (hpt&z&ord  /  hpzb)  l  —  percent  power  daziand 
ticsfcza  «  Talpha&zli(p«n:d&z&)  l  —  tics 

PROCEDURAL  (ticmdz,  kholdPI&z&  •  ticzul, ticzll) 
tiemdz  «  (ticn&z&  +  tics&z&) 

ZF((narr&zli  .GT.  0.0)  .AND.  (ticmdz  .GT.  (ticzul+l.O) ) )THEN 
lhold«z«PZ  «  .TRUE. 

ELSE  ZF  ((nerraza  .LT.  0.0)  .AND.  (ticmdz  .LT.  (ticzll-1.0) ) )THEN 
Iholdazapi  -  .TRUE. 

ELSE 

Iholdaz&PZ  -  .FALSE. 

ENDIF 

kholdPZ&za  -  RSW(lhold&zfcPZ,  0.0,  1.0) 

END  I  of  procedural 

MACRO  END 

l»»»»  End  Power  Turbine  Shaft  spaed  Control  Model  MACRO  «««« 


A.11  Gas  Turbine  Mechanical  Interface 


»»»  Begin  Sourca/Load  interface  Dynamics  Model  MACRO  ««« 

file  name:  tgid2.mac  dp  13>may*91 

This  program  models  the  mechanical  dynamics  interface 
between  a  prime  mover  (such  as  a  gas  turbine)  and  its  load 
(such  as  a  generator)  as  a  simple  reduction  gear.  The 
model  includes  a  reduction  gear  and  all  variables  are 
referred  to  the  drive  (source)  shaft.  Zt  does  not  include 
shaft  torsional  dynamics,  one  significant  VARIATION  is 
that  it  computes  drive  shaft  acceleration  as  d(RPM)/dt 
rather  than  d(RAD/SEC)/dt.  A  gear  torque  loss  term  is 
included  in  the  model.  The  gear  loss  coefficient,  petid, 
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has  b«an  sat  to  a  noailnal  valua  of  0.01  which  can  ba 
changad  at  run  tiaia. 

Tha  nodal  is  a  nodlficatlon  of  tgidl.nac  idilch  has  baan 

davalopad  for  all  variablas  rafarrad  to  tha  load  shaft. 
As  in  tha  casa  of  tgidl.nac,  tha  Inartla  Inputs  nust  ba 
spaclflad  In  tha  lfR‘2  (LBm-FT"2)  fom. 

Naads  following  paranatars: 

rpmrad,  gcons 

from:  /homa/ra4/pattar8on/acsl/constants .siod 


NODELIK6  C<»fVENTI(»fS: 


(1)  Use  CAPS  for  ACSL  stataments,  ACSL  variablas,  ate. 

(2)  Usa  lowar  casa  for  all  modal  variablas. 

(3)  Begin  Table  names.  Function  names  and  related  control 
variables  with  a  capital  latter. 


CBAMGE 

RECORD: 

Version 

Data 

Engr 

Description 

0 

15may91 

clp 

Modal  davalopad  and  Installed. 

1 

06apr93 

tjm 

Changad  pctidl  to  pctid&zfc  to  allow 
using  more  than  one  unit. 

MACRO  tgld2(z,qsrc, j j8rc,nsrcb,qsrcb,qloadl,qload, jjload,nloadb,  fc 
nloadl , dnsrc , nsrc , nsrcl , qsrcl , dnload, nload ) 

t  Inputs:  z  ■  concatenation  variable  (1,  2,  gl,  ate) 

I  qsrc  >  Input  ( source)  shaft  drive  torque  [XA-FT] 

I  jjsrc  -  Input  shaft  Inartla  (LB'>FT*2] 

i  nsreb  ■  Input  shaft  base  spaed  [RPM] 

I  qsreb  ■  Input  shaft  base  torque  [LB-FT] 

1  qloadl  ■  output  (load)  shaft  Initial  torque  [LB-FT] 

I  qload  ■  output  (load)  shaft  torque  [LB-FT] 

1  jjload  ■  output  shaft  Inartla  [LB-FT*2] 

1  nloadb  ■  output  shaft  base  spaed  [RPM] 

1  nloadl  ■  output  shaft  Initial  spaed  [RPM] 


outputs:  dnsrc  >  Input  shaft  base  aecal  [RPM/SBC] 


I  nare  •  input  ahaf t  baaa  spaad  [RPM] 

I  nsrci  «  input  shaft  initial  spaad  [Rni] 

1  qsrci  «  input  shaft  initial  torqua  [LB-fT] 

1  dnload  «  output  (load)  shaft  accal  [RFM/SBC] 

1  nload  •>  output  (load)  shaft  spaad  [RPM] 

cmrsTANT  pctidist  >0.01  1  —  parcant  loss  torqua  factor 

»  +■»•+++++  Baqin  INITIAL  saction 


INITIAL 

i  - - — -  calculata  qaar  spcMd  ratio 

idAz&gr  ■  nsreb  /  nloadb 

J  -  Calculata  total  inartia  rafarrad  to  load  shaft 

iitidaza  >  (jjsrc  /  gcons)  +  (jjload  /  gcons)  /  idAsAgr**2 

I  -  Calc  initial  sourca  shaft  spaad 

nsrci  >  nloadl  *  Id&z&gr 

j  - - -  Calc  torque  loss  constant  and  initial  torqua  loss 

cqlidAzA  a  (pctldAzA  *  qarcb)  /  (nsrcb*nBrcb) 
qlid&zAi  a  cqlid&zA  *  nsrci  *  ABS(nsrci) 

I  Calc  Initial  sourca  shaft  torqua 

qsrci  a  (qloadl  4  qlid&z&l)  /  Id&zAgr 


END  1  444444444444  of  INITIAL 

I  4444444  Begin  DERIVATIVE  Saction  444444444444444444444444444444444444 


I - - - Calc  LOAD  shaft  spaad  (accal)  in  units  of 

I  RPM  (RPN/SBC) 


qlidAzA  a  cqlldtzt  *  nsrc  *  AB8(nsrc) 

dnsrc  a  (irpsurad  *  (qsre  -  (qload/idAzsgr)  -  qlidtzA)  /  iitidtzA) 
nsrc  a  1NTE6  (dnsrc,  nsrci) 


I  - — - -  Calc  SOORCE  shaft  spaad  (accal)  in  units  of 

I  RPM  (RPK/SEC) 


dnload  >  dnsrc  /  IdAzagr 
nload  a  nsrc  /  idsz&gr 

MACRO  END 

I  »»»»  End  Sourca/Load  Interface  Dynasdcs  Model  MACRO  <«««« 
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A.  12  Mechanical  Load 


Maehanlcal  l««d  Modal 
Copyright  1992  by  Tinothy  J.  Hccoy 


Macro:  load. sac 

Function:  Modals  a  nechanlcal  load  applied  to  a  motor.  Allows 

various  types  of  loads  to  be  simulated  through  the  use 
of  a  second  order  polynonial. 

Concatenation 

z  >  machine  identifier 

Inputs 

wm  >  machine  speed  [per  unit] 

outputs 

tm  >  ziechanical  load  torque  [per  unit] 

Constants 

a  quadratic  polynomial  constant  [  ] 
a  linear  polynomial  constant  [  ] 
a  constant  term  of  polynosiial  [  ] 

state  variables 

HONE 

initial  conditions 

NOHE 


MACRO  load  (z,wm,tm) 

CONSTANT  a&Z4  a  0.0 

CONSTANT  b«Z«  a  0.0 

CONSTANT  CtZt  a  0.0 

INITIAL 


aliz4 

b&z4 

C6Z4 


END  t -  of  initial  section 

1 - beginning  of  derivative  section 

tm  a  a&z4*wm«*2  b4z4*wm  *  ctzt 

1 — -end  of  derivative  section 
MACRO  END 
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A.  13  Ship's  Service  Load 


Ship's  8«rvic«  l««d 
Copyright  1993  by  Tiaothy  J.  McCoy 


No.  Oats  By 
0  3-27-93  tj« 


Rscord  of  Changes 

SUBSMry 

Modal  written. 


Biacro :  shipserv .  sac 

function t  nodels  a  constant  power  load 

CONCMXNATION 
z  «  siotor  identifier 

IMPOTS 

vd  >  D-axis  teniinal  voltage  [per  unit] 

vq  m  Q-axia  teminal  voltage  [per  unit] 

OOTPOTS 

id  «  D-axis  teminal  current  [per  unit] 

iq  «  Q-axis  terminal  current  [per  unit] 

CONSTANTS 

p«zli  a  Real  power  load  [per  unit] 
q&zS  a  Reactive  power  load  [per  unit] 


INTERNAL 


NONE 


MACRO  shipserv  (id,iq  ,  vd,vq,z) 

Begin  Derivative  section 


I - paraMters 

CONSTANT  p&zt  a  0.0 

CONSTANT  q&Z&  a  0.0 


PROCEDURAL  ( id,  iq ,  qftzt ,  pSzA ) 
vtAzt2  a  vd*vd  •¥  vq*vq 
id  a  (vd*p4zA  *  vq*qAzA)/vtAzA2 

iq  a  (vq*pSzt  -  vd*qszs ) /vttzt2 

END  1 - of  procedural 


MACRO  END  1— of  shipserv 


A.  14  Base  Conversions 

I - 
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BASE  CONVERSIOH  MACRO 
Copyright  1993  by  Tiaothy  J.  Necoy 


Racord  of  changas 

No. 

Data  By 

sumnary 

0 

4-08-93  tjm 

Modal  writtan. 

macro:  baaaconv 

function:  calculatea  convaraion  factors  for  convarting 
quantitias  freai  ona  basa  to  anothar  basa. 

CONCATBHATIOM 


basavl 

NONE 

INPUTS 

basa  voltaga  eonvartad  froai 

basav2 

■ 

basa  voltaga  convartad  to 

basakwl 

> 

basa  potiar  convartad  frost 

ba8akw2 

■ 

basa  powar  convartad  to 

kvl2 

OUTPUTS 

voltaga  convarsion  factor 

kkwl2 

■ 

powar  convarsion  factor 

kil2 

■ 

currant  convarsion  factor 

kzl2 

iz^danca  convarsion  factor 

CONSTANTS 

NONE 


MACRO  basaconv(]cvl2,kkwl2,kll2,kzl2  ,  ba8aTl,basav2,ba8akwl,basa]cw2) 


]cvl2  ■  basavl/bassv2 

k]cwl2  ■  basa]wl/basakw2 

kll2  «  kkirl2/kvl2 

kzl2  •  kvl2**2/k]cwl2 


MACRO  END  I  of  basaconv 


A.15  Miscellaneous  Constants 

1 

I  PHYSICAL  CONSTANTS  INCLUSION  FILE 

1 

t  Copyright  1993  by  Timothy  J.  McCoy 


CONSTANTS 
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HAKE 


VALUE 


USED  BT 


▼reg2.Biac,  £reqcbg2.nac 
vr«g2 .nac 
cooBtr.Bac 
fr*qchg2  .aac 

fraqchg2.iiac,  coiintr,aac 
f reqchg2 .nac 
conntr.nae 


PARAMETER  ()crt3o2  -  0.8660254) 
PARAMETER  ()cpio2  -  1.570796) 
PARAMETER  (k3rt3opl  -  1.65398669) 
PARAMETER  (lcrt3  -  1.73205081) 
PARAMETER  (k2rt3opi  >  1.10265779) 
PARAMETER  (k2ort3  -  1.154700538) 
PARAMETER  (kpi  -  3.1415927) 

I - END  of  *  constant . inc  * 

A.  16  Circuit  Breaker 


krt3 

krt302 

kpio2 

k3rt3opi 

k2rt3opl 

k2ort3 

kpi 


SQRT(3) 

SQRT(3)/2 

PI/2 

3*SQRT(3)/PI 

2*SQRT(3)/P1 

2/SQRT(3) 

PI 


1.7320508 

0.8660254 

1.570796 

1.6539866 

1.1026577 

1.1547005 

3.1415927 


circuit  Breaker  Model 


Copyright  1993  by  Tinothy  J.  McCoy 

Record  of  changes 
No .  Date  By  summary 

0  4-21-93  tjm  Model  written, 

macro:  cb.mac 

function:  models  a  lossless  switch  for  disconnecting  generators 
from  the  main  bus  (works  for  coa^nents  which  input 
currents  and  output  voltages ) . 

CONCATENATION 


Icb 

vdbus 

vqbus 

vdgen 

vqgen 

id 

iq 


INPUTS 

logical  variable  to  indicate  closed  (.TRUE.) 
or  open  (.FALSE.) 

D-axis  bus  voltage  (per  unit] 

Q-axis  bus  voltage  (per  unit] 

D-axis  generator  tersiinal  voltage  (per  unit] 
Q-axis  generator  terminal  voltage  (per  unit] 
D-axis  generator  terminal  currant  (per  unit] 
Q-axis  generator  terminal  current  (per  unit] 


vdcb 

vqcb 

idcb 


OUTPUTS 

■  D-axis  circuit  breaker  voltage  (per  unit] 

*  Q-axis  circuit  breaker  voltage  (per  unit] 

•  D-axis  circuit  breaker  current  (per  unit] 


Iqcb  •  Q-«xls  circuit  breaker  current  [per  unit] 

CONSTAHTS 

internm:. 


MACRO  cb  (vdcbfTqcbfldcbfiqcb  ,  lcb,vdbus,vqbue,vd9en,vqgen,id,iq) 


Begin  Derivative  Section 


IF(lcb)TBEN 

vdeb  -  vdbus 

vqcb  «  vqbus 

ideb  *  id 

iqcb  >  iq 

JSXjSE 

vdeb  ■  vdgen 

vqcb  ■  vqgen 

Idcb  •  0.0 


iqcb  •  0.0 
ENDZP 

MACRO  BHD  1 — -of  cb 


A.  17  Inverse  Park's  Transform 


IWnatSK  PARK'S  TRANSFORMATICBI  DQ— >ABC  VARIABLES 


copyright  1992  by  Tlnotby  J.  McCoy 


Record  of  changes 


No. 

Date 

By 

summary 

0. 

12-1-92 

tjn 

Model  written. 

1. 

12-3-92 

tjn 

Removed  Definition  of  twopi3,  it  is  defined 

in  ' constants . inc  * . 

2. 

12-6-92 

tja 

changed  to  unitary  form  of  transforsiatlon. 

3. 

3-15-93 

tjn 

Changed  back  to  Prof.  Klrtleys  transformation 

macro } 
function! 

Ipark 

Perfoms  an  inverse  D-Q  transformation  on  its  Inputs. 

I 


none 


COMCATENATIOB 

INPUTS 
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fd 

th«t« 


>  Q-axla  ▼arlabl*  [par  wait] 

>  D-axls  var labia  [par  unit] 

>  tha  intagral  of  tha  apaad  of  rotation  of  tba  D-Q 
rafaranca  frana. 

OOTPOTS 

«  A-phasa  variabla  [par  unit] 


fb  ■  B-phasa  variabla  [par  unit] 

fc  «  C-phasa  variabla  [par  unit] 

CCMISTANTB 

]c2pio3  «  2*pi/3  «  2.094395 
]crt2o3  *  sqrt(2/3)  -  0.81649658 

INTERNAL  (STATE  OR  STATE  RELATED) 
none 

INTERNAL  (NOT  STATE  RELATED) 
none 


CONSTANT  ]c2plo3  >■  2.094395 
MACRO  ipark  (fa,fb,fc,fq,fd,thata) 


Begin  Derivative  section 


fa  •  (fd*cos( theta)  -  fq*sin(thata) ) 

fb  *  (fd*cos( theta  •>  k2pio3)  -  fq*8in(thata  •  k2pio3)) 

fc  ■  (fd*coa(thata  +  k2pio3)  >  fq«sin(thata  +  k2pio3)) 


End  of  Derivative  Section 


MACRO  END  I  of  ipark 


A.  18  Parkis  Transform 


PARK'S  TRANSFORMATION  ABC — >DQ  VARIABLES 


Copyright  1992  by  Tinothy  J.  McCoy 


Record  of  changes 


No.  Data  By  Sunnary 


0.  12>1'92  tjB  Nodal  written 


1.  12-3-92  tjn  Removed  Definition  of  twopi3,  it  is  defined 

in  ' constants . inc  * . 

2.  12-6-92  tjm  changed  to  unitary  form  of  transformation. 

3.  3-15-93  tjm  changed  back  to  Prof.  Kirtley's  transformation 

macro:  park 

function:  Performs  a  O-Q  transformation  on  its  inputs. 


1  CONCATENATION 

I  z  *  synchronous  machine  identifier 

> 

I  INPUTS 

I  fa  «  A-phase  vauriable  [per  unit] 

1  fb  s  B-phase  variable  [per  unit] 

1  fc  «  c-phase  variable  [per  unit] 

1  theta  >  the  integral  of  the  speed  of  rotation  of  the  D-Q 

t  reference  frame . 

1 

1  OUTPUTS 

1  fq  -  Q-axis  variable  [per  unit] 

1  fd  >  D-axis  variable  [per  unit] 

I 

1  CONSTANTS 

t  k2pio3  >  2*pi/3  -  2.094395 

1  krt2o3  >  egrt(2/3)  «  0.81649658 

J 

1  INTERNAL  (STATE  OR  STATE  RELATED) 

<  none 

1 

I  INTERNAL  (NOT  STATE  RELATED) 

I  none 

CONSTANT  )c2o3  >  0.66666667 


MACRO  park  (fq^fd  ,  fa, fb,fc, theta) 

1  Begin  Derivative  Section 

fd  a  k2o3*(fa*cos( theta )-*-fb*cos(theta-k2pio3)-f  & 
fc*cos( theta  +  k2pio3)) 

fq  a  -]c2o3*(fa*sin(theta)-i-fb*sin(theta-k2pio3)+  & 
fc*sin(theta  +  k2pio3)) 

1  asmassssKSKsnvsBusaaKsasHKzzessasBaKssBKSKKSBKBSszssxsassassBsssssac 

I  End  of  Derivative  section 

|..B«_B.BBBBBBBBBBaBBBBBBBB«BBaBB.BB.BBBBBBBBBBBBBBBBBBBBBBaBBaBBBBBB 

MACRO  END  (  of  park 
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A.  19  Ship  Dynamics 


1 

1 

SHIP  DTNAMXCS  MODEL 

1  Copyright  1993  by  Timothy  J.  McCoy 

t  The  Biacros  used  herein  were  written  by 

t  c.L.  Patterson,  Nswc,  Annapolis,  MD 

Record  of  changes 

1  No .  Date  By 

SussMry 

l  0  3-29-93  tjm 

1  mamnammanmmmmmmmmsmsi 

Model  written. 

mcroi  ship 

function t  Models  the  hydrodynaaic  propeller  load  placed  on 
a  propulsion  notor 
iNPtrrs 

wrnl  ■  starboard  propeller  shaft  apeed  [per  unit] 

wrn2  a  Port  propeller  shaft  speed  [per  unit] 

OOTPOTS 

tal  a  nechanical  torque  load  on  starboard  motor  [per  unit] 

tml  a  mechanical  torque  load  on  port  stotor  [per  unit] 

CONSTANTS 

kbaserpm  a  base  propeller  shaft  rpm 

kqbase  a  base  shaft  torque  [LB-FT] 

jjps  a  propeller /shaft  inertia  in  [X.B/rr‘2] 

XNTENNAL 

- Inputs  to  'shipla.aiac’ 

nplrpm  a  propeller  shaft  speed  [RPM] 
np2rpai  a  propeller  shaft  speed  [RPM] 
wesea  a  seaway  velocity  factor  [per  unit] 

Iheadr  a  logical  (  a  .t.  to  begin  headreach  calc) 

- - - Inputs  to  'seaway .mac* 

vslpu  a  ship  velocity  normalized  [per  unit] 

- - — -Outputs  from  'shipla.mac 

jjps  a  total  prop/ shaft  inertia  [XJB-PT*2] 
nplrpmi  a  initial  shaft  speed  [RPM] 
qpli  a  initial  shaft  torque  [lA-FT] 
qpl  a  shaft  torque  [LB-pt] 

qplfi  a  initial  shaft  frictional  loss  torque  [LB-FT] 
qplf  a  shaft  frictional  loss  torque  [U-FT] 
iip2rpmi  a  initial  shaft  speed  [RPM] 
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qp2i 

qp2 

qp2fi 

qp2f 

▼slpu 

Icalchr 

IvshipO 

haadrpu 

tOvshlp 

tvshipO 

xvshipO 

qpsbaf 

nprpaib 

qpbaaa 


initial  shaft  torqus  [lA-FT] 
shaft  torqus  [XA-FT] 

initial  shaft  frictional  loss  torqus  [LB-FT] 
shaft  frictional  loss  torqus  [lA-FT] 
psr  unit  ship  spssd 

logical  (  >  .T.  to  psndt  hsadrsach  calc) 
logical  (  SCHEDOLB  flag  •  .T.  wfasn  vsaO.O) 
hsadrsach  on  vsl  psr  unit  bass 
tins  at  which  hsadrsach  calc  starts 
tiam  rsq*d  to  stop  ship  frost  start  of  hsadr 
hsadrsach  distance  on  vsl  psr  unit  bass 
propsllsr  shaft  breakaway  friction  [LB-FT] 
propeller  shaft  spssd  bass  [XPM] 
propsllsr  shaft  torqus  bass  [LB-FT] 


- outputs  frost  * seaway .aac* 

wsssa  *  seaway  velocity  factor  [per  unit] 

Issa  >  logical  flag  set  .TROE.  to  invoke  seaway 
Idopplsr  •  logical  flag  set  .TR0E.  to  invoke  an 

effective  dopplsr  seaway  frequency 


MACROS 


IMCLODB  ‘  c  t  \acsl\ship\iiacros\shipla.Mc  ■ 
IMCLODE  '  c  t  \acsl\ship\iiacroa\ssaway  1  .nac ' 
mcLUDE  *  c  t  \acsl\ship\iiacros  \constant .  inc  * 


MACRO  ship  (tBl,tB2  ,  wml,wm2,kbassrp8i) 

I  Begin  Derivative  section 

1 


I-- convert  shaft  speed  to  rpsi 
nplrpa  -  trml*kbaserpai 
np2rpm  ■  wm2*kbaserpsi 

I— convert  shaft  torque  to  per  unit  for  output 
tal  *  -qpl/qpbase 

tB2  ■  -qp2/qpbase 

I - Invoke  ship  dynasties  siacro 

shipla(l,nplrpai,np2rpai, wsssa  ,  Iheadr^ jjps,nplrpaii,qpli,qpl,qplfi,  & 
qplf,np2nqpi,qp2i,qp2,qp2fi,qp2f,vslptt, Icalchr, IvshipO,  & 
headrpu , t Ovship , tvshipO , xvshipO , qpsbaf , nprpaib , qpbase ) 


I — -invoke  seaway  macro 

seatray  ( 1,  Isea,  Idoplr,  vslpu,wesoa) 

I  End  of  Derivative  section 


MACRO  END  I  of  ship 


124 


ACSL  MODEL  COMSTAMTS 


file  nanet  constants  .aiod 

created:  13--JAN-86  CLP  (VAX  ACSL_CONS.MOD) 

revision:  26-feb-91  clp  nodifled  for  SON, 

nod  pi,  add  twopi 

19-apr-91  clp  add  elec  pwr  sys 
paranetera:  forfve, 
ninety,  twopio3, 
anega60b 

18-oct-91  clp  add  inertia  constant 
factors  khhl  and  lchh2 


1  »»>  ESTABLISH  GENERAL  CONSTANTS  «<« 

I  — — — — — —  Miscellaneous  Model  constants - 

PARAMETER  (pi  >  3.1415928536)  I  [non-dinensional] 

PARAMETER  (twopi  >  6.28318530718)  I  [non-dinensional] 
PARAMETER  (sqrt2  >  1.41421)  I  [non-dimnsional] 

PARAMETER  (sqrt3  *1.73205)  I  [non-dinenslonal] 

PARAMETER  (rho  *  1.9905)  1  [ (lb-sec*2)/ft‘4] 

PARAMETER  (qcons  «  32.174)  1  [ft/sec''2] 

PARAMETER  (ftlbhp  >  550.)  I  (ft-lb/sec)/hp] 

PARAMETER  (watthp  -  745.7)  I  [watts/hp] 

PARAMETER  (kwathp  -  .7457)  1  [kilowatts /bp] 


I  - RPM  «  RAO/SEC  •  [  60.  /  (2.  •  PI)  ]  - 

PARAMETER  (rpsirad  *  9.549296)  t  [rpn/ (rad/sec )  ] 

I  - FT/SEC  -  KNOTS  •  [  6076.1  /  3600.  ]  - 

PARAMETER  (fpskt  -  1.687806)  1  [ (ft/ssc) /knot] 

1  -  Inertia  constant  factors  for  use  in  calculating  BH 


I  given  the  Inertia  in  JJ  (lfR*2  [lbai-ft‘2])  fom,  the 

!  shaft  speed  in  N  [rpn],  and  either  KVA  or  Q  [Ibf-ft]. 

i 

I  -  for  the  fom:  HB  •  khhl  •  (  JJ  *  N'2  /  KVA) 

I 

I  khhl  -  (l/2)*[(l/2.204)«(l/3.2808)‘2]*(2*pl/60)‘2 

PARAMETER  (khhl  •  2.3094e-7) 
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I  — - — -  for  th«  form:  HB  •  khh2  *  (  JJ  *  H  /  Q) 

I 

1  khh2  >  khhl  *  (kwathp  /  ftlbhp) 


PARAMETER  (lchh2  -  2.99165«-3) 

I - - —  usoful  constant*  and  paramtars  for  - - 

I  alactrical  powar  systaas  slsnilatlons 

1  involving  solid  stata,  6-pulsa  ractifiar 

I  cicults.  Basad  on  data  providad  by 

1  Purdua  for  tha  Pulsa  Powar  ehargar  nodal. 

1  (addad  by  •»>  dp  19,25-apr-91) 

PARAMETER  (aps  •  l.Oa-6)  I  a  snail  nunbar 

PARAMETER  (onega60b  <■  377.0)  l  [  basa  radian  fraq  for  60  Hz  ] 

PARAMETER  (forfva  »  0.78539816)  1  [  (pi/4)  aquiv  45  dag  ] 

PARAMETER  (nlnaty  «  1.57079633)  t  [  (pi/2)  aquiv  90  dag  ] 

PARAMETER  (twoplo3  -  2.0943951)  i  [  (2*pi/3)  aquiv  120  d^  ] 

PARAMETER  (cfac6P  >  1.10265779)  t  currant  factor  —  (2**qrt(3) )/pi 

PARAMETER  (vfac6P  »  1.6539867)  I  voltaga  factor  —  (3**qrt(3) )/pl 

PARAMETER  (zfac6p  «  0.9549297)  I  ii^danca  factor  —  3/pi 


I  —————  Modal  function  lookup  flags 

IMTEGER  Fargo,  Pargl,  Farg2,  Farg3 

IMTEGER  FargsO,  Fargsl,  Fargs2,  Fargs3 


COHSTANT  Fargo  «  0  1  FORHARO  lookup 

CONSTANT  Fargl  -  1  1  BACKNARD  lookup 

CONSTANT  Farg2  «  2  I  1,2,  or  3  flags  the 

CMSTAMT  Farg3  ■  3  I  dapondant  argunant 

CONSTANT  FargsO  >  0 
CONSTANT  Fargsl  «  1 
CONSTANT  Fargs2  -  2 
CONSTANT  Fargs3  -  3 

1  »»>  END  of  ESTABLISH  <3BNBRAL  CONSTANTS  «<« 


»»»  Bagln  Sourca/Load  Xntarfaca  Dynanics  Nodal  MACRO  ««« 

fila  naswt  iqpldlf.nac  clp  7-oct>91 

This  progran  sodals  tha  nacbanical  dynanics  interface 
between  a  prina  novar  (such  as  a  gas  turbine  or  sotor)  and  its 
load  (such  as  a  generator  or  propeller)  as  a  sispla  reduction 
gear.  Tha  nodal  includes  a  reduction  gear  and  all  variables 
are  referred  to  the  output  (load)  shaft.  It  does  not  include 
shaft  torsional  dynanics.  One  SXONXFXCAMT  variation  is  that 
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it  computes  drive  shaft  acceleration  as  d(RPN)/dt  rather  than 
d ( RAD/SEC )/dt.  A  gear  torque  loss  term  is  included  in  the 
model.  The  gear  loss  coefficient,  pctid,  has  been  set  to  a 
nominal  value  of  0.005  which  can  be  changed  at  run  time. 

The  model  is  a  modification  of  tgidl.mac  %ihich  was  developed 
for  all  variables  referred  to  the  load  shaft.  The  differences 
are  that  this  model  also  accepts  load  shaft  friction  as  an 
input  and  the  gear  ratio  is  given  as  a  constant  rather  than 
being  calculated,  since  propeller  shaft  friction  can  be 
significant  at  low  shaft  speed,  the  model  checks  to  see  if 
shaft  sticking  occurs. 

This  model  is  a  modified  version  of  that  developed  by  PDI  as 
the  subroutine  SBAFT.FOR  in  a  MACRO  form  which  e]iq>loys  the  ACSL 
SCHEDULE  function  to  determine  shaft  sticking.  NOTE:  The  sign 
of  the  friction  torque  is  determined  within  the  shaft  friction 
function  (QlApsf.for  for  ship la ) . 

As  in  the  case  of  tgid2.mac,  the  inertia  inputs  must  be 
specified  in  the  WR"2  (LBm-FT~2)  form.  For  this  model  a 
gearbox  inertia  term  is  included. 

Needs  following  parameters: 

rpmrad,  gcons,  khh2 

from:  /home/ra4/patterson/acsl/constants .mod 


MODELING  CONVENTIONS: 

(1)  use  CAPS  for  ACSL  statements,  ACSL  variables,  etc. 

(2)  use  lower  case  for  all  model  variables. 

(3)  Begin  Table  names.  Function  names  and  related  control 
variables  with  a  capital  letter. 


CHANGE  RECORD: 


Version 


0 

1 


Date  Engr 
07oct91  dp 
21-oct91  dp 

02jun92  jgc 


Description 


Model  developed  and  installed. 

Make  gear  ratio  a  constant  rather  than 
the  calculation  of  [  narcb  /  nloadb  ] 

pctidaza  and  qlidaza  changed  to  pctids&sa 
and  qlidsszs  so  as  to  not  conflict  with 

127 


2 


sane  variables  in  turbine  aiodel 

3  08jun92  jgc  the  constant  cglid&za  is  changed  to  cglids&z& 

so  as  to  not  conflict  with  turbine  constant; 
also  this  constant  is  computed  in  IHXTIAL 


MACRO  npidlf (z,qsrc, jjsrc,n8rcb,qsrcb,qloadi,qload,qloadb, jjload,  & 
nloadb , nloadi , qloadf i , qlsf gr , Istukzgr , qloadsbf , dnsrc ,  a 
nsrc , nsrci , qsrci , dnload, nload , delqzgr , ngrlzpu ) 

I  inputs:  z  >  concatenation  variable  (1,  2,  gl,  etc) 

I  qsrc  >  input  (source)  shaft  drive  torque  [LB-FT] 

1  jjsz'c  s  input  shaft  inertia  [LB-FT"2] 

t  nsrcb  «  input  shaft  base  speed  [RPM] 

1  qsrcb  >  input  shaft  base  torque  [IiB-FT] 

1  qloadi  >  output  (load)  shaft  initial  torque  [LB-FT] 

1  qload  >  output  (load)  shaft  torque  [LB-FT] 

1  qloadb  >  output  (load)  shaft  torque  base  [LB-FT] 

I  jjload  >  output  shaft  inertia  [LB-FT"2] 

I  nloadb  «  output  shaft  base  speed  [RPM] 

1  nloadi  >  output  shaft  initial  speed  [RPM] 

I  qloadf i  >  load  shaft  initial  friction  torcpie  [LB-FT] 

1  qlsfgr  >  load  shaft  friction  torque  [LB-FT] 

1  Istukzgr  >  logical  (>  .T.  if  shaft  stuck) 

t  qloadsbf  ••  load  shaft  breakaway  force  [LB-FT] 

J 

1  outputs:  dnsrc  >  input  shaft  base  accel  [RPM/ SBC] 

i  nsrc  •  input  shaft  base  speed  [RPM] 

1  nsrci  «  input  shaft  initial  speed  [RPM] 

t  qsrci  *■  input  shaft  initial  torque  [LB-FT] 

I  dnload  >  output  (load)  shaft  accel  [RPM/SEC] 

I  nload  ■  output  (load)  shaft  speed  [RPM] 

1  delqzgr  >  load  shaft  accel  torque  difference  [LB-FT] 

I  ngrlzpu  >  load  shaft  speed  [per  unit] 


CONSTANT  pctids&z&  -  0.005  I  —  percent  loss  torque  factor 
CONSTANT  jjmpid&zfc  ■  665600  I  —  gearbox  NR‘2  [LBM-FT''2]  referred 
I  to  load  shaft  (20700  LBF-FT-S'2) 

CONSTANT  mpidfizagr  »  6.0  t  —  gear  ratio  (nsrc  /  nload)  based 
I  on  data  provided  by  Code  27B  (HNR) 

I  +++++++  Begin  INITIAL  Section  ++++++++++++++++++++++++++++++++++++ 
INITIAL 

I  -  calculate  total  inertia  referred  to  load  shaft 

jjmpid&z&t  >  jjsrc  *  Bipid6z&gr*«2  *  jjmpid&zfi  +  jjload 
hhmpid&zfct  ■  khh2*j jiiq;>id6z(it*(nsrcb/Bqpid6z6gr)/(qsrcb*ii^id&z6gr) 


iinpid&za  «  j jmpid&z&t  /  gcons 

"This  is  a  test,  this  constant  must  be  defined" 
cqlid86z&  B  (pctidstza  •  qsrcb)  /  (nsrcb*nsrcb) 

I  -  calc  initial  source  shaft  speed  and  torque 

PROCEDURAL  (nsrci, qsrci  >  nloadi, iiq>id6z&gr,pctids<iz6, qsrcb, nsrcb,  6 

qloadi , qloadf i ) 

IF  (ABS( nloadi)  .LT.  0.1)  THEN  I - AssuM  shaft  is  at  rest 

nsrci  B  0.0 
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qsrel  ■  0.0 
ELSE 

nsrci  -  nloadi  *  n^id&z&gr 

I  -  Calc  torque  loss  constant  and  initial  torque  loss 

t  on  source  shaft  side 

cqlids&za  •  (pctids&z&  *  qsrcb)  /  (nsrcb^nsrcb) 

qlids&zti  ■>  cqlidstzS  *  nsrci  *  ABS( nsrci) 

j  -  calc  initial  source  shaft  torque 

qsrci  »  qlids&z&i  +  (qloadi-t-qloadfi)  /  zipld&z&gr 
ENDZF 

END  1 - of  PROCEDURAL 

END  I  ++++++++++++  of  INITIAL 

I  +++++++  Begin  DERIVATIVE  Section  ++++++++++++++++++++++++++++++++++++ 


I  - Calc  LOAD  shaft  speed  (accel)  in  units  of 

I  RPN  (RPM/SBC) 


qlids&z&  B  cqlidstzCi  •  nsrc  *  ABS(nsrc)  I  source  shaft  loss  torque 

delqzgr  a  (qsrc-qlids&z&)*iiq>id&z&gr  -  qload 

qs&zAfgr  >  RSW  (lstukzgr,>delqzgr,  qlsfgr) 

dnload  a  (rpmrad  /  li]iq>ld6z&)  *  (delqzgr  +  qsftz&fgr) 

nload  a  integ  (dnload,  nloadi) 

ngrlzpu  a  nload  /  nloadb  l - per  unit  gearbox  shaft  speed 

j  - - - — - — —  check  gearbox  load  shaft  condition  for  shaft 

>  stuck  condition 

chkgrfez&ls  a  rsw  (Istukzgr,  ABS(delqzgr)  >  qloadsbf,  nload) 

SCHEDULE  Shaft&z6  .xz.  chkgrAz&ls 

l  — - - — — — —  Calc  SOURCE  shaft  speed  (accel)  in  units  ^ 

I  RPN  (RPM/SEC) 

dnsrc  >  dnload  *  npidAzAgr 
nsrc  a  nload  *  nqildazAgr 
MACRO  END 


MACRO  shaf tstk  ( z , qloadbf , nloadi , delqzgr , qloadf , qlsfgr ,  Istukzgr , nload ) 
1  Inputs:  z  a  concatenation  variable  (1,  2,  gl,  etc) 

1  qloadbf  a  load  shaft  breakaway  friction  torque  [LB>FT] 

1  nloadi  a  output  shaft  initial  speed  [RPN] 

1  delqzgr  a 

1  qloadf  a  load  shaft  rotating  friction  torque  [LB-FT] 

I 

1  outputs:  qlsfgr  a  load  shaft  friction  torque  [LB-FT] 

1  Istukzgr  a  logical  («  .T.  if  shaft  stuck) 

DISCRETE  shaft&ZA 


I  - — —  Handle  shaft  sticking  friction 

INITIAL 

LOGICAL  Istukzgr 
Istukzgr  a  ABS(nloadi)  .LT.  0.1 
END 

I  - -  stuck  flag  toggles  unless  force  exceeds  breakout 

I  force  on  crossing  zero 

Istukzgr  a  (.not.  Istukzgr)  .AND.  (ABS(delqzgr)  .LT.  qloadbf) 

I  - - -  Deterziine  shaft  friction  for  stuck  or  rotating 

I  condition  (sign  of  qloadf  pre-deterzilned  in  table) 
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qlsfgr  >  RSN  (Istakzgr,  0.0,  qloadf)  . 

I  — - - - —  R«s«t  ahaft  apaad  axactly  to  xaro 

nload  ■  0.0 

I  - - -  Racord  atatus 


CALL  LOGO  ( .TRUE.) 

EMD  I  of  DISCRETE  atickcatgr 
MACRO  END  t  of  ahaftatk 

i  »»»»  End  Sourea/Load  intarfaea  Dynanlca  Modal  MACRO  ««««< 


»»»  Bagin  Saaway  Dynanlca  Modal  MACRO  ««« 


fila  nanai  aaawayl.aiac  dp  ll-aap-91 

Thia  progran  nodals  saaway  hydrodynanlc  charactariatlca 
for  a  ahip  hull  aiovlng  through  tha  watar  in  ona  dagraa  of 
fraadoai.  It  aaaunaa  that  ahip  apaad  ia  nomalisad  and  that 
noainal  valuaa  for  tha  aaaway  condltiona  ara  thoaa  givan  in 
tha  original  GE  RFP  apac.  Thia  aodal  haa  tha  capability 
to  ainulata  a  variation  in  tha  fraquancy  of  wava  ancountar 
baaad  on  tha  ralativa  apaad  batwaan  tha  ahip  and  tha  aaaway. 

Thia  approach  ia  pattarnad  aftar  nethod  givan  in  tha  original 
GE  RFP  apac  —  on  paga  20,  wharain: 

Va  «  vn  *  (1  -  Na  *  ain(2*pi*t/T)). 

Thia  progriUB  calculataa  tha  valua  oft 

wasaa  ■  Na  «  ain(2*pl*t/T) 

and  outputa  waaaa  to  tha  ahip  velocity  equation  in  tha  siodal 
ahiplA.nac. 

Tha  following  nunarlcal  data  ia  givan  in  [3],  baaad  on 
vn  (naan  ahip  apaad) : 

T  (period,  sac)  6  10  15 

Na  (nodarata  saaa)  0.10  0.12  0.13 

Na  (heavy  saaa)  0.40  0.47  0.50 

To  paraiit  investigation  of  dopplar  fraquancy  affects, 
assuaw  tha  following  valuaa  for  laabda  (wavelength) i 

wavelength  4  12  25 

For  an  initial  case,  asaum  T>  6,  Na«  0.10,  and  L«  4 

Needs  following  parasMtarsi 

twopl 
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f ran:  /han»/ra4/patt«r*on/acsl/coiuit«nts .nod 


M<X>ELIli6  COMVEMTIOHSt 

(1)  ua*  CAPS  for  AC8L  atatananta,  ACSL  variablaa,  ate. 

(2)  Uaa  lomr  caaa  for  all  nodal  varlablaa. 

(3)  Bagin  Tabla  naawa.  Function  naawa  and  ralatad  control 
varlablaa  with  a  capital  lattar. 


CHANGE  RECORD: 

Varaion  Data  Engr  Daaeription 

0  XXXXX91  elp  Nodal  davalopad  and  Inatallad. 

1  20Aug92  ow  aiovad  laaa  and  Idopplar  to  output  Hat. 


MACRO  aaaway (z, IssA# ldoplr,vahippu,waaaa) 

inputa:  z  «  concatanation  varlabla  (1,  2,  gl,  atc) 

vahippu  >  ahip  valoclty  norziallzad  (par  unit) 

outputa:  waaaa  «  aaaway  valoclty  factor  [par  unit] 


I  laaa  >  logical  flag  aat  .true,  to  invoka  aaaway 

i  Idopplar  «  logical  flag  act  .TRUE,  to  invoka  an 

1  affactiva  dopplar  aaaway  fraquancy 

I  -  dafina  baaic  conatanta  for  ahip  aaaway  dynanica 

LOGICAL  laaa,  Idoplr 

CONSTANT  laaa  «  .false.,  Idoplr  -  .false. 

C(N(STANT  taaa  ■  6.0,  waanax  <■  0.10,  wava  ■  4.0 


1  +++++++  Bagin  INITIAL  Saction  ++++++++++++++++++++++++++♦+++++++++ 
INITIAL 


I - - - calculata  aaaway  ancountar  fraquancy  [RAD/SEC] 

t  baaad  on  taaa  (conatant  fraquancy)  and  a 

I  conatant  for  caaq>utlng  dopplar  fraquancy 


wafaaa  >  twopl  /  taaa 
kdfrq  >  twopi  /  wava 
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END  I  ++++++++++++  of  INITIAL 


I  +++++++  Begin  DERIVATIVE  Section  ++++++++++++++++++++++++++++++++++++ 

I  -  calculate  seaway  velocity  nagnltude.  The  REALPL 

I  function  has  been  included  to  snooth  the 

1  initial  seaway  encounter. 

1 

I  NOTE:  This  code  has  been  placed  within  a  procedural 

I  to  circumvent  an  ACSL  iaqplicit  loop  flag. 

I  That  is,  when  combined  with  "shiplA.mac", 

t  the  following  expression  occurs: 

I 

1  vslpu  «  INTE6()  *  (1  -  wesea), 

1 

i  where,  wesea  >  f(vslpu,t) 

I  To  achieve  the  desired  result,  the  variable 

1  "vshippu"  has  been  left  out  of  the  argument 

1  list. 

PROCEDURAL  (wesea  *  lsea,ldoplr,wesmax) 

IF  (.NOT.  Isea)  tOsea  *  0.0 

IF  (Isea  .AND.  (tOsea  .EQ.  0.0))  tOsea  -  t 

weseamg  •  REALPL (tsea/S.O,  RSW(isea,  wesaiax,  0.0),  0.0) 

seafrg  >  RSH(ldoplr,  kdfrq  *  abs (vshippu  +  weseamg  +  0.001),  wefsea) 

seatime  «  RSN(  Isea,  (t  -  tOsea),  0.0) 

wesea  •  weseamg  *  SIN(  seafrg* ( seatime ) ) 

END  i  —  of  PROCEDURAL 

MACRO  END 

I  »»»»  End  Source/Load  Interface  Dynamics  Model  MACRO  ««««< 


»»»  Begin  Propeller/Ship  Dynamics  Model  MACRO  ««« 


file  name:  shiplA.mac  dp  23-aog-91 

This  program  models  the  propeller  and  hydrodynamic 
characteristics  for  a  ship  hull  moving  through  the  water 
in  one  degree  of  freedom.  The  simulated  ship  is  that 
represented  by  shipl  data.  The  bull  resistance,  the 
propeller  torque,  and  the  propeller  thrust  characteristics 
have  been  normalized.  The  characteristics  (torque  and  thrust) 
have  been  represented  as  functions  of  t«ro  variables  (per  unit 
ship  speed  and  per  unit  propeller  shaft  speed) .  The  ship  hull 
resistance  function  has  been  characterized  using  a  10th  order 
polynomial  to  fit  the  available  data  for  the  full  AHBAD/ASTERN 
Bianeuvering  range.  This  zndel  also  includes  the  friction  torque 
function  for  the  propeller  shafts  associated  with  the  ship  hull. 

The  model  assuzies  an  initial  ship  speed  (per  unit)  idiich  can 
be  selected  at  run  time,  using  this  ship  speed  and  the  ship 
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r*«lstanc«  data  table,  a  per  unit  shaft  speed  is  calculated 
and  converted  to  shaft  RPM  to  be  output  along  with  the  base 
RPM  value.  It  is  assumed  that  the  two  propeller  shafts  are 
operating  at  the  same  initial  shaft  speed. 

To  calculate  headreach,  set  the  logical  flag  Iheadr  «  .TRUE. 

A  mode-controlled  Integrator  is  used  to  calculate  headreach 
in  terms  of  per  unit  ship  speed.  The  ACSL  SCHEDULE  statement 
is  used  to  determine  when  the  ship  speed  reaches  zero. 

Propeller  shaft  speed  inputs  are  in  RPM  and  the  model  is  set 
up  to  respond  to  a  seaway  input  (irasea).  if  a  seaway  is  not 
to  be  used,  set  msea  -  0.0.  The  function  lookup  table  (Ql^sf) 
is  used  to  calculate  and  output  propeller  shaft  frictional 
torque  (LB-PT)  as  a  function  of  shaft  RPM. 

This  model  requires  the  following  files  which  contain 
function  data: 

/models /hydro/TQlAlib . a 
/models / lookup/lookuplib . a 

Needs  following  parameters: 

rpmrad,  gcons,  khh2 

from:  /hame/ra4/patterson/acsl/constants .mod 


MODELING  CONVENTIONS: 


(1)  Use  CAPS  for  ACSL  statements,  ACSL  variables,  etc. 

(2)  Use  lower  case  for  all  model  V2u:i:d>les. 

(3)  Begin  Table  names.  Function  names  and  related  control 
variables  with  a  capital  letter. 


CHANGE  RECORD: 


Version  Date  Engr  Description 


0  7oct91  dp  Model  developed  and  installed. 

1  18oct91  clp  Added  hhps  inertia  calculation 

2 


MACRO  shipla(z, nplrpm,np2rpm,wasea, Iheadr, jjps,nplrpmi,qpli,  & 
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qpl,qplfl,qpl£,np2rpBl,qp2irqp2,qp2fl,qp2f ,vslpu,  « 
Icalchr , IvshlpO , haadrpu , t Ovahlp , tvshipO , xvshipO ,  & 
qpsbaf ,  nprpanb ,  qpbaae ) 


inputa:  z  ■  concatenation  variable  (1,  2,  gl,  etc) 

nplrpB  >  propeller  abaft  apeed  [RPM] 
np2rpBi  >  propeller  abaft  apeed  [RPM] 
weaea  >  aeaway  velocity  factor  [per  unit] 

Ibeadr  >  logical  (  >  .T.  to  begin  beadreacb  calc) 


outputa : 

nplrpml 

qpll 

qpl 

qplfl 

qplf 

np2rpinl 

qp21 

qp2 

qp2fl 

qp2f 

valpu 

Icalcbr 

IvablpO 

beadrpu 

tOvablp 

tvablpO 

xvablpO 

qpabaf 

nprpnb 

qpbaae 


jjpa  ■  total  prop/abaft  Inertia  [LB-FT"2I 

-  Initial  abaft  apeed  [RPN] 

■  Initial  abaft  torque  [LB-FT] 

«  abaft  torque  [LB-FT] 

■  Initial  abaft  frictional  loaa  torque  [LB-FT] 
«  abaft  frictional  loaa  torque  [LB-FT] 

-  Initial  abaft  apeed  [RPM] 

«  Initial  abaft  torque  [LB-FT] 

«  abaft  torque  [LB-FT] 

■  Initial  abaft  frictional  loaa  torque  [LB-FT] 
«  abaft  frictional  loaa  torque  [LB-FT] 

«  per  unit  ablp  apeed 

•  logical  (  >  .T.  to  pemlt  beadreacb  calc) 

•  logical  (  SCHEDULE  flag  >  .T.  idien  va>0.0) 

•  beadreacb  on  val  per  unit  baae 

•  tlm  at  wblcb  beadreacb  calc  atarta 

■  tlate  req'd  to  atop  ablp  froai  atart  of  beadr 
«  beadreacb  dlatance  on  val  per  unit  baae 

•  propeller  abaft  breakaway  friction  [LB-FT] 

■  propeller  abaft  apeed  baae  [RPM] 

■  propeller  abaft  torque  baae  [LB-FT] 

—  define  logical  varlablea 


LOGICAL  Ibeadr 

1 - LOGICAL  Icalcbr 

I  -  IvablpO  bandied  by  SCHEDULE 


CONSTANT  Ibeadr  -  .FALSE. 


I  -  define  basic  propeller  constants 


CONSTANT 

qpbaae  ■ 

1239071.4 

CONSTANT 

nprpmb  - 

144,7185 

CONSTANT 

nprpsb  - 

2.4120 

I - abaft  RPS  base 

CONSTANT 

jjprop  - 

1313000 

1 - Inertia  w/  25  pet  b20  [LB-FT“2] 

CONSTANT 

jjsbft  * 

166000 

1 - abaft  Inertia  [LB-ft“2] 

I  - -  define  reference  values  for  tlaie  and  distance  to 

I  stop  ablp.  Based  on  cutting  aiotor  torque  to  a 

1  value  of  0.0  per  unit  at  a  rate  of  -1.0  pu/sec. 

i  Tbe  coastdown  from  valpu  »  1.0  per  unit  ablp 

1  speed  until  0.1  pu  propeller  abaft  speed  la 

l  reached.  Then  apply  -0.5  pu  ax>tor  torque  at  a 

I  rate  of  -1.0  pu/sec. 
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C0H8TAMT 


tvaOraf  «  696.262  ,  xvaOraf  »  207.220 


d«fln«  basic  constants  for  ship  hull  dynasties 


C<»ISTANT 

klOres 

m 

-IS. 1636679 

CONSTANT 

k09res 

m 

20.3594S9S 

CONSTANT 

kOSres 

m 

1S.94S6303 

CONSTANT 

k07res 

m 

-23.S962S74 

CONSTANT 

kOSres 

m 

-  S. 1990614 

CONSTANT 

kOSres 

m 

6.6S7207S 

CONSTANT 

k04res 

m 

-  0.2317S09 

CONSTANT 

k03res 

m 

0.96960S9 

CONSTANT 

k02res 

m 

-  0.057373S 

CONSTANT 

kOlres 

m 

0.2023390 

CONSTANT 

kOOres 

m 

0.0000000 

CONSTANT 

kvship 

m 

0.007S497 

I  ...  per  unit  conversion  factor 

I  +++++++  Begin  INITIAL  section  +4^•+•M•+•M-M•+■M•++++++++++++++■M■+++■M•+ 


INITIAL 

j  - 


1  -  calculate  ccsiblned  propeller/shaft  inertia 

jjp*  ■  jjprop  +  jjshft  I - ||R*2  for® 

hhps  s  khh2  *  (jjps  *  nprpmb  /  qpbase) 

1  -  calculate  shaft  breakaway  friction  [LB-FT] 

qpsbaf  >  QlApsf(O.O) 

I  — — - — — -  set  initial  ship  speed  (per  unit) 


CONSTANT 

CONSTANT 


▼Slpui  >  0.0 
VslpuO  ■  0.00001 


■  0.00001  i  use  when  calculating  T/Q  for  VswO.O 
calculate  initial  ship  resistance  (per  unit) 


vslpu21 

▼slpu31 

▼slpu4i 

vslpuSl 

vslpu61 

▼slpu7i 

vslpuOi 

vslpuOi 

vslpulOi 


▼slpui 

▼slpu21 

▼slpu31 

▼slpu4i 

▼slpuSl 

▼slpu61 

▼slpu71 

▼slpuSl 

▼slpu9l 


*  vslpul 

*  vslpui 

*  vslpul 

*  vslpul 

*  vslpul 

*  vslpui 

*  vslpul 

*  vslpul 

*  vslpui 


rslpulO  ■  klOres  *  vslpulOi  +  k09res  *  vslpu9i  •••  kOSres  *  vslpuSi 

rslpuil  >  k07res  *  vslpu7i  +  k06res  *  vslpu6i  *  kOSres  •  vslpuSi 

rslpui2  -  k04res  *  ▼slpu4i  +  k03res  *  ▼slpu3i  *  k02res  •  ▼slpu2i 

rslpul3  •  kOlres  *  vslpui  +  kOOres 

rslpul  ■  rslpulO  *  rslpuil  +  rslpul2  *  rslpui3 


calculate  initial  propeller  thrust  (per  unit) 
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tplpui  •  rslpui  /  2.0 
tp2pul  ■  tplpui 


I - - - calculat*  Initial  prop  rpai,  torque  and  shaft 

1  loss  torque  for  each  propeller 


PROCEDURAL  (nplrpsii,  nplpui,  qpli,  qplpui  >  vslpui,  tplpui) 

IF  (vslpui  .LT.  0.0)  THEN  1  -  use  functions  for  reverse  vs 

nplpui  >  TlAvsr(0.0,  vslpui,  tplpui,  Fargsl) 
nplrpsii  -  nplpui  •  nprpob 

qplpui  »  QlAvsr( nplpui,  vslpui,  0.0  ,  FargsO) 
qpli  ■  qplpui  *  qpbase 

ELSEIF  (vslpui  .EQ.  0.0000)  THEN  1 - use  functions  for  forward  Vs 

nplpui  «  TlAvsf(0.0,  vslpuO,  tplpui,  Fargsl) 
nplrfsni  «  nplpui  •  nprpmb 

qplpui  «  OlAvsf (nplpui,  vslpuO,  0.0  ,  FargsO) 
qpli  -  qplpui  *  qpbase 

ELSE  I  -  use  functions  for  forward  Vs 

nplpui  >  TlAv8f(0.0,  vslpui,  tplpui,  Fargsl) 
nplrpmi  «  nplpui  •  nprpmb 

qplpui  «  OlAvsf (nplpui,  vslpui,  0.0  ,  FargsO) 
qpli  -  qplpui  *  qpbase 
ENDIF 

END  I  — of  PROCEDURAL 

np2pui  «  nplpui 
np2rpBii  ■  nplrpsii 
qp2pul  «  qplpui 
qp2i  -  qpli 

qplfi  a  OlApsf (nplrpnl)  1  shaft  frictional  loss  torque 

qp2fi  -  01i4>*f  (np2rpBii) 

END  I  ++++++++++++  of  INITIAL 

t  +++++++  Begin  DERIVATIVE  Section  ++++++++++++++++++++++++++++++++++ 

I  -  calculate  thrust  and  torque  for  both  propellers 

nplpu  ■  nplrpm  /  nprpmb 
np2pu  >  np2rpm  /  nprpmb 

IF  (vslpu  .LT.  0.0)  THEN  1  -  use  functions  for  reverse  vs 

1 - prop  shaft  1 

tplpu  ■  TlAvsr(nplpu,  vslpu,  1.0,  FargsO) 
qplpu  >  QlAvsr (nplpu,  vslpu,  1.0,  FargsO) 

1 - prop  shaft  2 

tp2pu  ■  TlAvsr(np2pu,  vslpu,  1.0,  FargsO) 
qp2pu  >  QlAvsr(np2pu,  vslpu,  1.0,  FargsO) 

ELSEIF  (vslpu  .EQ.  0.0000)  THEN  I  -  use  functions  for  forward  Vs 

1  — —  prop  shaft  1 

tplpu  >  TlAvsf (nplpu,  vslpuO,  1.0,  FargsO) 
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qplpu  ■  QlAvaf (nplpu,  ▼•IpuO,  1.0,  FargaO) 

I  ____  prop  abaft  2 

tp2pu  -  TlAvaf (np2pu,  valpuO,  1.0,  FargaO) 
qp2pu  ■  QlAvaf (Dp2pu,  valpuO,  1.0,  FargaO) 

EUE  1  - —  uaa  functlona  for  forward  Va 

I - prop  abaft  1 

tplpu  •  TlAvaf (nplpu,  valpu,  1.0,  FargaO) 
qplpu  ■  QlAvaf (nplpu,  valpu,  1.0,  FargaO) 

I  — .  prop  abaft  2 

tp2pu  >  TlAvaf (np2pu,  valpu,  1.0,  FargaO) 
qp2pu  «  QlAvaf (np2pu,  valpu,  1.0,  FargaO) 

EMDIF 

qpl  >  qplpu  *  qpbaaa 
qp2  >  qp2pu  •  qpbaaa 

qplf  ■  QlApaf  (nplrpB)  ! - abaft  frictional  torqua  loaa 

qp2f  >  QlApaf  (np2rpak) 

1  -  calculata  abip  raaiatanca 

valpu2  •  valpu  *  valpu 

valpu3  •  valpu2  •  valpu 

valpu4  a  valpu3  *  valpu 

valpuS  a  valpu4  *  valpu 

valpuO  a  valpuS  •  valpu 

valpu?  a  valpuO  *  valpu 

valpuO  a  valpu?  *  valpu 

valpuO  a  valpuO  *  valpu 

valpulO  a  valpuO  *  valpu 

ralpuO  a  iclOrea  •  valpulO  kOOraa  *  valpuO  *  kOOraa  •  valpuO 
ralpul  a  kO?raa  *  valpu?  +  kOOraa  •  valpuO  *  kOSroa  •  valpuS 
ralpu2  a  kOOraa  *  valpuO  *  k03raa  *  valpu3  *  k02raa  *  valpu2 
ralpu3  a  kOlraa  •  valpu  -i-  kOOraa 
ralpu  a  ralpuO  ralpul  +  ralpu2  ralpu3 


1 - - — - - calculata  ablp  apaad  (par  unit)  vitb  aaaway 

I  af facta  Includad 


valpu  a  iiiTBO(  Icvablp  *  (tplpu  +  tp2pu  -  ralpu),  valpul  )  4 

*  (  1  -  waaaa) 

I  - - - Calculata  baadraacb  to  tba  point  at  wblcb 

1  ablp  apaad  goaa  to  aaro. 

I 

1  -  Tba  following  PROCEDURAL  inauraa  that  Ibaadr  .AMD. 

I  Icalcbr  ara  .MOT.  alaultanaoualy  .FALSE,  ainea  that 

I  condition  would  cauaa  unwantad  calculation  of  baadrpu. 

I  Xt  alao  updataa  tOvablp  until  Ibaadra.TRUE.  to  aat 

t  tba  atart  tiaa  for  tba  baadraacb  calculation. 

I -—PROCEDURAL  (Icalcbr,  tovablp  >  Ibaadr) 

I -  IF  (.MOT.  Ibaadr)  THEM 

I—  Icalcbr  •  .TRUE. 

I -  IvablpO  •  .FALSE. 

I—  tovablp  ■  T 
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-  ENDIF 

—END  I  of  PROCSDQRAL 


Icalchr 

Iheadr 

mode 

operation 

true 

false 

ic 

set  headreach  a  o.O 

false 

false 

op 

true 

true 

op 

calculate  headreach 

false 

true 

hold 

hold  headreach  value 

1 - hoadrpu  «  lfODlNT(  vslpu,  0.0,  Icalcbr , Ihoadr  )  l— — sealed  haadraach 

I — SCHEDULE  stopvs/lvshlpO  .xz.  vslpa  1  — —  Check  for  vslpu  »> 

0.0 


1  - - — ~  Calculate  the  percent  tiae /distance  to  stop  ship 

1  with  respect  to  the  reference  values. 

I— tvsOpet  «  (tvshipO  /  tvsOref)  *  100 
i— xvsOpct  ■  (xvshipO  /  xvsOref)  *  100 

1 - - - Calculate  the  percent  values  for  prop  shaft 

1  speed/ torque, ship  speed,  headreach  (wrt  xvsOref) 

1  and  tine  for  plotting  purposes 

l_..pctnpl  ■  nplpu  *  100 

I— -pctqpl  >  qplpu  *  100 

|.-.pctnp2  a  np2pu  *  100 

|._.pctqp2  a  qp2pu  *  100 

i - pctvsl  a  vslpu  •  100 

I - pcthdr  a  (headrpu  /  xvsOref)  *  100 

I— pcttla  a  (t  /  tvsOref)  ♦  100 

I  - Taralnate  the  slstulation  run  when  shaft  speed  or 

I  ship  speed  exceeds  MhX/KiR  values  for  data 

I  in  function  lookup  tables. 

TEHMT  (vslpu  .or.  1.1,  « 

Run  Teminated  «a>  ship  speed  exceeded  HEX  value') 

TERHT  (vslpu  .LT.  -0.7,  « 

Run  Terminated  aa>  ship  speed  exceeded  MiH  value’) 

TERHT  (nplpu  .GT.  1.16,  « 

'Run  Tezsiinated  mm>  prop  shaft  RPM  exceeded  Qfrict  HEX  value') 
TERHT  (nplpu  .LT.  -1.0,  t 

'Run  Terminated  aa>  prop  shaft  speed  exceeded  T/0  HlR  value’) 
HhCRO  END 

I - HRCRO  stopvs(s,lheadr,lcalchr,lvshipO, headrpu,  « 

I—  tOvship,  tvshipO,  xvshipO) 

t -  DISCRETE  stopvs 

IP  (Iheadr  .AND.  Icalchr  .AND.  IvshipO)  THEN 
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I-..  Icalchr  <■  .FALSE. 

I — >  tvshipO  ■  T  -  tOvahlp 

I—  xvahlpO  ■  haadrpu 

t -  CALL  L06D(.TRIJE.) 

I -  ENDIP 

I -  END  I  of  DISCKETE  att^ship 

I - MACRO  END 

t  »»»»  End  Fropallar/shlp  Dynaalea  Modal  MACROa  ««««< 

j  - 

A.20  Motor  Controller 


Motor  controllar 

Copyright  1993  by  Tiaothy  J.  Mecoy 


Record  of  changes 

No. 

Date  By 

Suaaary 

0 

3-22-93  tja 

Model  written. 

1 

4-13-93  tja 

Added  control  of  firing  angle. 

aacro:  contatr.aac 

function I  controlla  aotor  excitation  and  Invartar  firing  angle 

CONCATENATION 

-  aotor  Identifier 

INFDTS 

-  D-axla  atator  current  [per  unit] 

■  Q-axla  atator  current  (per  unit] 

-  D->axla  atator  voltage  [per  unit] 

>  Q-axla  atator  voltage  [per  unit] 

-  difference  between  D  and  Q-axla  aynchronoua  reactaneea 

-  Q-axla  aynchronoua  reactance  [per  unit] 

OOTPOTS 

•  aotor  excitation  [per  unit] 

•  Inverter  firing  angle  [rad] 

CONSTANTS 

>  desired  stator  flux  linkage  [per  unit] 

■  alnlaua  excitation  voltage  [per  unit] 

■  aaxlauB  excitation  voltage  [per  unit] 

>  excitation  voltage  Initial  condition  [per  unit] 

>  field  excitation  controller  gain 

■  field  excitation  controller  tlae  constant 

■  adnlaua  Invertor  firing  angle  [rad] 

■  aaxiaua  Inverter  firing  angle  [rad] 
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Id 

iq 

vd 

vq 

xdaxq 

Eq 


eaf 

beta! 


elssat 

eaf  tain 

eaftaax 

eaftlc 

geafts 

taueafts 

betataln 

betataax 


beta&ic  >  inverter  firing  angle  Initial  condition  [rad] 
gbeta&z  «  inverter  firing  angle  controller  gain 
taubeta&z  >  inverter  firing  angle  controller  tiaie  constant 
phiatza  «  desired  power  factor  angle  [rad] 

mmmmmmmwtmmmmmmmmm{wiaut  be  defined  lo  the  Calling  prograB) »«»»» 
Defined  in  * constant. inc* 
k2rt3opl  «  2*sgrt(3)/pl 
kpi  -pi  -  3.141592654 

ZHTEKMAL 

vt&z&  >  ziotor  terminal  voltage  [per  unit] 

ia&za  «  motor  terminal  current  [per  unit] 

del&zt  *  motor  torque  angle  [rad] 
phiazti  >  siotor  power  factor  angle  [rad] 

iajxq4z&  «  round  rotor  ccsgranent  of  synchronous  reactance 
voltage  drop 

ids&za  >  D-axis  cosgtonent  of  stator  current  calculated  from 
desired  link  current 

idxtzt  «  saleint  component  of  synchronous  reactance 

voltage  drop 

ep&zt  >  desired  field  excitation  from  round  rotor  phasor 
diagram 

eafs&z4  -  desired  field  excitation,  including  saliency 

eaferr4z4  -  error  in  field  excitation 

eafd«z4  >  time  derivative  of  field  excitation 

betas4z4  •  desired  Inverter  firing  angle 

betaerr6ztt>  error  in  Inverter  firing  angle 

beta&z4d  ■  time  derivative  of  inverter  firing  angle 


MACRO  contmtr  (eaf,betai  ,  & 

id , iq , vd , vq , edpp , eqpp , xdpp , xdmxq , xq , Ibrake , z ) 

1 


I 


Begin  Derivative  section 


1 - parameters 

CONSTANT  eis«z«  -  1.0 
CONSTANT  eaftmln  -  0.0 
C<H(STANT  eafftmax  -  4.0 
CONSTANT  geafszA  -  100.0 
CONSTANT  taueafirzt  -  0.1 
CONSTANT  eafsic  a  1.0 
CONSTANT  betamin«z6  -  kpio2 
I— CONSTANT  betamaxtzt  -  3.14 

I - CONSTANT  betaszcic  *3.13 

i— CONSTANT  gbetaazS  -  1.0 
I  --CONSTANT  taubetaftzft  -  0.1 
CONSTANT  betaszs  -  2.2 
CONSTANT  phls«Z-  0.2 

I —Calculation  of  desired  excitation 

I - (solution  of  phasor  diagram) 

RTP(  vt4z4,del«z4  a  vq,vd) 


140 


RXP(  latsft,phlpfts«  ■  lq»ld) 
iajsq&s  «  iaasc*aq[ 

Idxasa  «  ABS(id*xdiixq) 

aptsa  >  sgia(aisasa**2  *  lajxq&sa**2  *  t 

2.0*aisasa*iajxqasa*8ni(kpio2  *  phiaast)) 
aafsasa  s  apasa  •*>  idxaa 

I - fiald  flux  arror  signal 

aafarrasa  aafsaza  -  aaf 

I- — P-x  typa  eontrollar  on  fiald  axcltatlon 
aafad  >  (9aafaza*(aafarraza))/tauaafas 

aaf  m  BoaiiD(aafaaln,aafaiiax,LiMllR(aafad,aafalc,aafaBln,aafaBax)) 

I —calculation  of  daslrad  Invartar  firing  angla 
i-— bataaas  ■  ]q>l  -  ABS(dalaaa)  -  phlsas 

1 — -arror  In  Invartar  firing  angla 
I — -bataarras>  bataaaza  -  batal 

1- — ^P-I  typa  eontrollar  on  Invartar  firing  angla 
1- — bataasad  •  (gbataaa*(bataarraaa))/taubataaa 
I— bataaza  •  BoaMD(bataiilnaa,bataM3caa,LiiiiMT(bataasad,a 
1  —  bataasale ,  bataalnas ,  bataaaxas ) ) 


ZF(lbra]ca)TaEH 

batal  ■  bataadnaz 

XX«B 

batal  ■  bataaz 

BHDIF 

MACRO  ERD  I— of  contzitr 


A.21  Speed  Controller 


MOT(m  8PSBD  CernTROLLSR  MODEL 


Copyright  1993 
by 

Timothy  J.  McCoy 


macro i  apaadcon 

funetlont  motor  apaad  control,  P-I  typa  eontrollar. 


apdraf 

wm 


COMCATBHATION 

fraquaney  changar  Idantlflar 
IMPOTS 

rafaranoa  apaad  (par  unit] 
motor  apaad  [par  unit] 
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Idcr 

Ifwd 


dc  link  r«f«r«ne«  currant  [PER  CHIT] 
logical  varlabla  Indicating  forward  torqua 


CONSTANTS 

gapaadAzt  «  controllar  Aaplltuda 
tauspaad&st  •  Controllar  Tlaa  constant 
Idcrttoln  >  alnlmnB  dc  link  currant  {par  unit] 

Idcrtmax  ■  itaxiwum  dc  link  currant  [par  unit] 

INTERNAL 

Idcr&le  >  dc  link  currant  Ic 

Idcr&d  *  dc  link  currant  darlvatlva 

spaadarr&zt  -  spaad  arror 


MACRO  speadcon  (Idcr, Ifwd, Ibraka  ,  apdraf ,wm,ldc,z) 

I  — paraziatars 
CCWSTANT  IdcrAlc  a  0.0 
CONSTANT  Idcrttdn  «  0.0 
CONSTANT  IdcrUnax  a  i.o 
CONSTANT  Idcrtdnaz  a  5.0 
CONSTANT  Idcrtdmln  a  -s.O 
CONSTANT  spdarrSzAlc  a  o.O 
CmSTAMT  dz&zA  a  0.05 

CONSTANT  thraahold&za  o.l 
c<NiSTANT  taufaatozA  a  0.1 
CONSTANT  glargatzft  a  50.O 
CONSTANT  tauslow&Z«  a  20.0 
CONSTANT  gsaall«z«  a  5.0 

I - Spaad  control 

IF  (apdraf  .LT.  0.0)  THEN 
Ifwd  a  .FALSE. 

apaadarrczA  a  -(apdraf  >  wm) 

ELSE 

Ifwd  a  .TRUE. 

apaadarrczc  a  (apdraf  >  wm) 

ENDIF 

awltchvarAz  a  BCXLSB(apdarr«sAlc,dzAzt,apaadarrtst) 

IF  (ABS(awltchvarAzA) .GT.thraaholdAzt)  THEN 
tauapaadtz  a  taufaatoz 
gapaadtzt  a  glargaAz 

ELSE 

tauapaadtz  a  taualow&z 
gapaadAzA  a  ganallAz 
ENDIF 

IF(  (8IGM(  1.0, apdraf  )  .NE.SI<SN(1.0,wm)  )  .AND.  (wm.GT. 0.06)  )TBEN 
kbra)caAz  a  o.O 

IF((ldc  .LT.  0.05). AND. (. NOT. Ibraka))  Ibraka  a  .trua. 

ELSE 

IF((wm  .LE.  0.04). AND. (Ibraka))  Ibraka  *  .falaa. 
kbrakaAz  a  1.0 
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BHDir 


Idcrtd  •  BOUND (ldcrtdiiln,ldertdBax,  t 

(-Idcr  +  gap— dtat*  ( apNNdNrrBBt ) )  /tauBp— d*« ) 
IdcoaUiz  a  BOOND(ldcr«Bln,idcr«aax,  a 

LliaNT(ldcrid,ldcr«lc,lder— lii,lder«Bax) ) 
idcr  a  ldcoaitst*kbrakatz 

MBCRO  END  I— of  ap— dcoD 

A.22  SyncfaroDoas  Motor 


TBBEB-PIUSB  BYNCBNONOOS  MOTOR  MODEL 
writtan  in  ganarator  eoordinataa 

copyright  1993  by  Tiaothy  J.  McCoy 


Racord  of  Changaa 


No. 

Data 

By 

SuiBtary 

0 

1-28-93 

tj« 

Modal  writtan. 

1 

2-14-93 

tj« 

Raanvad  dalta  froai  argu— nt  liat. 

2 

2-19-93 

tja 

Raviaad  dafinitiona  of  vd  4  vq  to  corr— t 
arror  in  darivation. 

3 

2-20-93 

tjm 

Changad  eurranta  to  ganarator  eoordinataa. 

4 

3-27-93 

tjM 

Ra—vad  calculation  of  dalta 

5 

4-10-93 

tja 

Raviaad  voltaga  calculation  to  account  for 
apaad  variation. 

merot  ayiiBtr4 

function i  Modala  a  thr— -pfaaaa  aynchronoua  notor 
vith  atator  raalatanca  and  al— trie 
tranalanta  —glactad. 

CONCATENATION 

z  a  aynchronoua  aachina  idantlflar 

INPUTS 

wm  a  Machlna  apaad  [par  unit] 

Ig  a  Q-axia  atator  currant  in  rotor  fra—  [par  unit] 

id  a  D-axia  atator  currant  in  rotor  fra—  [par  unit] 

aaf  a  Plaid  axcltatlon  [par  unit] 

ta  a  M— hanical  torqua  [par  unit] 

00TFDT8 

vq  a  Q-axia  atator  voltaga  in  rotor  rafaranca  fra— 

vd  a  D>axia  atator  voltaga  in  rotor  rafaranca  f ra¬ 
ta  a  Elactrlcal  torqua  [par  unit] 

wm  a  Rotor  apaad  [par  unit] 
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C0II8TAMT8 


(mist  b*  d«fln«d  In  th«  calling  program) 


wo 

xg&x 

xdts 

xqppaz 

xdpp&s 

xdptz 

xlaz 

tdop&z 

tdoppaz 

tqoppaz 

h&za 


alpha&z 


wmaza 

dalta 

aqppAz 

adpptz 

aqpaz 


«  baza  alactrical  apaad  [rad/aac] 

■  Q-axls  synchronoua  raactanca  [par  onlt] 

■  D-axls  synchronous  raactanca  [par  unit] 

a  Q-axis  subtranslant  raactanca  raactanca  [par  unit] 

«  D-axis  subtranslant  raactanca  raactanca  [par  unit] 

>  D-axls  translant  raactanca  [par  unit] 

>  Armatura  laakaga  raactanca  [par  unit] 

«  D-axls  translant  opan  circuit  tisw  constant  [par  unit] 

■  D-axis  subtranslant  opan  circuit  tins  constant  [par  unit] 
a  Q-axls  subtranslant  opan  circuit  tima  constant  [par  unit] 
a  Rotor  inartla  [sac] 

a  j*wo/(Tb*P)  P  a  f  of  polas 

nnMu(d«finad  in  macro  mtr4ie )  a— ■—■■■■■■■■■■■■■■■■ 
a  (xd  -  xdpp)/(xdp  -  xc^p) 

ZMTERIUL  (STATB  («  STAT8  RELAXED) 
a  rotor  spaad  [rad/ sac] 
a  Rotor  alactrical  angla  [rad] 

a  Q-axls  voltaga  bahind  subtranslant  raactanca  [par  unit] 
a  D-axia  voltaga  bahind  subtransiang  raactanca  [par  unit] 
a  Q-axis  voltaga  bahind  translant  raactanca  [par  unit] 

INTERIIAL  (MOT  STATB  RELATED) 


Dafinad  in  macro  synmtrico  locatad  in  this  flla. 

wmaz&ic  a  rotor  machanlcal  spaad  Ic  [rad/ sac] 

daltatzalca  rotor  angle  Ic  [rad] 

aqppaztic  a  aqpp  ic  [par  unit] 

adppiz&lc  a  adpp  ic  [par  unit] 

aqp&z&ic  a  oqp  ic  [par  unit] 

Dafinad  in  ziacro  axcltmtr(). 

aaf&ic  a  field  excitation  initial  condition 


■This  siodal  requires  a  separata  axeltar  for  the  field  winding. 


MACRO  synmtr4  (ta,vq,vd,wrn  ,  aaf ,iq,id,tm,s) 


Begin  Derivative  section 


— Compute  Blactrcaiagnatlc  Torque 
—  (positive  for  s»tor  action) 

ta  a  (-aqpp4z4*iq  -  a^^4s4*id  *  (xdppSsS  -  xqppts&)*id*iq) 

- Rata  of  change  of  rotor  spaad 

wmazad  a  (ta  -f  tm)*wo/(2*hasa) 

—Rates  of  change  of  state  variables 

aqpptsitd  a  (eqpaza  -  aqppSsa  -  -  x^pas»)*id)/tdq^s 
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COHSTAIIT  tluMSAlc  «  0.0 

I— "Caloulat*  paranatar  alpha 

alphaAsa  ■  (xdaxA  -  xdpp«s«)/(xd^s«  -  xii^AsA) 
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I— -AaauM  Botor  initially  at  ratad  apaad 
CmSTANT  wiascic  -  377.0 

CONSTAMT  iqasalc  -  0.0 

COMSTAHT  IdAatlc  -  0.0 

a<4>pAxAic  ■  (xqasa  -  xqppcsc)*iqAsAic 

aqptxAie  •  -(alphatxli  •>  1.0)*(X(i^As&  -  3u^txA)*ldAcAic  A 
*  aaf AaAic 

aqppAzAic  a  eqpAzAic  -  (x<I^Az«  •  xdppAz«)*ldAzAic 
MACRO  EMD  1  of  synutrlc 


A.23  Synchronous  Gaierator 

I 

I  THRBE-RHASB  S7HCBROMOOS  <SBHBRAT(»t  MODEL 

I  writtan  in  ganarator  coordinataa 

I 

I  Copyright  1993  by  Tixttthy  J.  McCoy 


No. 

Data 

By 

suasiary 

0 

1-28-93 

tja 

Modal  writtan. 

1 

2-14-93 

tj* 

RsBovad  dalta  frcB  arguBsnt  list. 

2 

2-19-93 

tjB 

Ravisad  dafinitions  of  vd  A  vq  to  corract 
arror  in  darivation. 

3 

2-20-93 

tjB 

Changad  currants  to  ganarator  coordinataa. 

4 

3-27-93 

tjB 

RsBovad  calculation  of  dalta 

5 

4-9-93 

tjB 

Ravision  ”b”  raBovad  Bachanical  aquations  for 
usa  with  gas  turbina  Bodal. 

nacrot  aynzrtu:4b 

function}  Modals  a  thraa-pfaasa  synclironous  notor 
with  stator  rasistanca  and  alactric 
transiants  naglactad. 

COHCATBMATIOll 

z  ■  synchronous  siachino  idantifiar 

IMPOTS 

wm  m  Machina  spaad  [par  unit] 

iq  m  Q-axis  stator  currant  in  rotor  fraiio  [par  unit] 

id  a  0-axis  stator  currant  in  rotor  frazw  [par  unit] 

aaf  a  riald  axcitation  [par  unit] 

ooTPirrs 

▼q  a  Q-axis  stator  voltaga  in  rotor  rafaranea  fraaa 

▼d  a  D-axis  stator  voltaga  in  rotor  rafaranea  frazw 

a  Slaetrieal  torqua  [par  unit] 
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I  ta 


coNsnons 


(mat  b«  dafiiMd  in  th«  calling  prograa) 


wo 

sqts 

xdcs 

xqn^&z 

xdpptz 

xdp&z 

xl&z 

tdopAz 

tdoppaz 

tqopptz 

f ■■Wtl 

alphnftz 


base  alactrical  spaad  [rad/aac] 

Q-axia  aynehronoua  raactanea  [par  unit] 

D-axia  aynehronoua  raactanea  [par  unit] 

Q-axia  aubtranaiant  raactanea  raactanea  [par  unit] 

D>axia  aubtranaiant  raactanea  raactanea  [par  unit] 

D-axia  tranaiant  raactanea  [par  unit] 

Araiatura  laaJeaga  raactanea  [par  unit] 

D-axia  tranaiant  opan  circuit  tizia  eonatant  [par  unit] 
D-axia  aubtranaiant  opan  circuit  tiaa  eonatant  [par  unit] 
Q-axia  aubtranaiant  opan  circuit  tiaa  eonatant  [par  unit] 
>na«M(dafinad  in  aiacro  atr4ic  > 

•  (xd  -  xdpp)/(xdp  -  xdpp) 


lOTBRHaX.  (STATE  OR  STATE  REIATED) 

aqpptz  •  Q-axia  voltaga  bahind  aubtranaiant  raactanea  [par  unit] 
adpp&z  >  D-axia  voltaga  bahind  aubtranaiang  raactanea  [par  unit] 
aqpcz  *  Q-axia  voltaga  bahind  tranaiant  raactanea  [par  unit] 


IHTERMAL  (HOT  STATE  RELATED) 

Dafinad  in  nacro  aynaitricO  locatad  in  this  fila. 
aqppaz&ie  ■  aqpp  ic  [par  unit] 
adppSz&ic  •  adpp  ic  [par  unit] 
aqp«z«ic  *  aqp  ic  [par  unit] 


Dafinad  in  ziacro  axcitaitr(). 

aaftic  «  fiald  axcitation  initial  condition 


■This  nodal  raquiras  a  saparata  axcitar  for  tha  fiald  winding. 


MACRO  ayniitr4b  (ta,vq,vd  ,  aaf ,iq,id,wm,z) 
Bagin  Darivativa  saction 


I— Coaiputa  Elaetroawgnatic  Torqua 
i_.-(poaitiva  for  aotor  action) 

ta  ■  (-aqpp«z4*iq  -  adpp4z&*id  -f  (xdpptzt  -  xqpp4s4)*id*iq) 

I— Ratas  of  changa  of  stata  variablas 

aqppazsd  ■  (aqpszs  -  aqppszt  -  (xc^s«  -  xd^4s4)*id)/tdoppts 
adppszkd  •  (-adpptzs  +  (xqtss  -  xqpptst)*iq)/tqopp«s 
aqpsz&d  •  (-alpha4sft*aqp«sii  ■i’  4 

(alpha4z4  -  1.0)»mqpptz»  +  aaf)/tdop4z 

I— intagrata  to  obtain  flux  linicagas,  spaad  and  rotor  angla. 
aqpptzs  ■  lHTEO(aqpp«s4d,aqpp«s4ic) 
adppazs  >  XMTEO(adnp4x4d,a<4>p4z4ic) 
aqpizs  -  lHTBO(aqp4z4d,oqp4s4ic) 
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1 — -coaiput*  voltagws  in  tarns  of  stats  varlablss 
▼q  •  (sqppasa  -  xdppasa*ld) 
vd  ■  (sdpptst  *  xqppazt*lq) 


nacroi  vr«g2.mc 

function t  Ltmltod  PI  typo  voltogo  rogulator  for  a 
•ynchronoua  gonorator. 

This  modal  coama  from  aoctlon  2.4  of  notaa  from  6.686. 
concatonation  t 

z  >  gonorator  oxcltor  idontlflor 

inputa i 

vd  «  D-axia  tormlnal  voltago  [par  unit] 

▼q  ■>  0-azla  tormlnal  voltago  [par  unit] 

outputa i 

oaf  >  Gonorator  oxcltor  voltago  [par  unit] 

conatanta  t 

vtroflz  >  roforonco  tormlnal  voltago  [par  unit] 

goaf&z  >  gain  of  oxcltor 

tauoaftz  >  tlM  conatant  of  oxcltor 

oaf4z4lc  «  Ic  for  gonorator  oxcltor  voltago 

oafmlntz  >  minimum  valuo  of  oxcitatlon  voltago  [par  unit] 

oafmaxaz  •  maximum  valuo  of  oxcitatlon  voltago  [par  unit] 

Intomal  t 

oaf&ztd  a  rata  of  chango  of  oxcltor  voltago 
vorriiz  •  orror  voltago  [par  unit] 


MACRO  vrog2  (oaf  ,  vd,vq,z) 

1 - paraawtora 

CONSTANT  vtrof&z  ■  1.001,  goaf&z  *  100.0,  tauoaf&z  *  0.1,  & 
oaf&lc  a  1.0,  oafzd.n&z  a  o.O,  oafmax&z  a  3.0 

RTP(  vt&z&,dol&z&  a  vq,vd) 

vorr&z&  a  vtrof&z-vt&z 

oaf«d  a  (-zaf  -f  goaf&z* ( vorr«z& )) /tauoaf&z 

oaf  a  BOOND(oafmln&z, oafmax&z, LlNXNT(oaf&d,oaf&lc, oafziln&z, oafmax&z) ) 
MACRO  BND  I  of  vrog2 
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Appendix  B:  Parameter  Values 


The  following  listing  provides  the  parameter  values  used  fm*  the  various 
conqwnents  within  the  simulations. 


B.1  Synchronous  Machines 


Parameto* 

18MVA 

Generator 

2.5  MW 
Goierator 

20,000  HP 
Motor 

Units 

*d 

1.77 

1.63 

1.76 

per  unit 

1.64 

1.01 

1.157 

per  unit 

V 

0.15 

0.18 

0.542 

per  unit 

V 

0.15 

0.28 

0.494 

pa- unit 

V 

0.18 

0.25 

0.608 

per  unit 

0.13 

0.075 

0.337 

per  unit 

t* 

0.04 

0.38 

0.039 

seconds 

V 

0.09 

0.19 

0.193 

seconds 

w 

3.19 

3.79 

2.1 

seconds 

H 

0.92 

1.91 

0.773 

seconds 

ObM* 

3,600 

900 

150 

rpm 

4,160 

450 

5,000 

vohs 

16,200 

2,500 

14,914 

Kw 

ISO 


B.2  Voltage  Regulators 


Panumter 

18MVA 

Generator 

2.5  MW 
Generator 

20,000  HP 
Motor 

Units 

Gain 

100 

100 

100 

none 

Tinw  Constant 

0.1 

0.1 

0.05 

seconds 

B.3  DC-link  Current  Controller 

Gain;  30.0 

Time  Constant:  0.01  Seconds 

B.4  Speed  Controller 


Parameter 

Fast  Mode 

Slow  Mode 

Units 

Gain 

50 

5 

None 

Time  Constant 

0.1 

20 

Seconds 

B.5  Speed  Governors 


Parameter 

Diesel 

Gas  Turbine 

Units 

Gain 

5 

0.5 

None 

Time  Constant 

2 

3 

Seconds 

151 


Appendix  C:  Two  Motor  Run 


The  foUowing  simuladon  run  was  made  to  show  that  the  would  work 
property  with  two  fiequoicy  changer /motOTCondnnationsconne^ed  to  the  bus.  Inthis 
simulation,  both  motor  speed  inputs  and  the  ship  speed  start  out  at  0.5  per  unit.  This 
condition  is  hdd  for  15  seconds  to  allow  the  q>eed  govonors  on  the  prime  movma  to 
stabilize.  At  T=1 5  seconds,  the  #2  motor  ^)eed  command  is  set  to  0.9  per  unit.  As 
expected,  the  ship  begins  to  accdoate.  At  T»30  seconds,  motor  #1  speed  command  is  set 
to -0.5  per  unh.  This  action  causes  the  accderadonofthe  ship  to  cease.  Evoitually  the 
ship  speed  stabilizes  at  about  0.6  per  unit  after  120  seconds.  The  following  plots  ilhi^rate 
the  first  40  seconds  of  the  amulation.  This  is  to  show  the  electrical  transients  in  the 
motors  and  generators  as  the  speed  command  iiqmts  are  given  the  each  ieq)ective  motor. 
As  with  all  previous  simulations,  the  ship's  service  load  is  set  to  0.2  per  unit  at  0.8  power 
factor  lagging. 

System  #3t  Steady  at  0.5  per  unit  load  on  both  shafts 
Listing  of  values 


T 

160.000000 

ZZTICG  0. 

CZHT 

0.10000000 

ZZIERR 

P 

ZZNBLK  1 

ZZICOH 

0 

ZZSTFL 

T 

ZZFRFL  P 

ZZICPL 

P 

ZZRNFL 

F 

ZZJBPL  P 

ZZNIST 

49 

ZZNAST 

0 

lALG  1 

IISTP 

10 

MAXT 

0.10000000 

HINT  l.OOOOB-08 

;e  Variables 

Derivatives 

initial  Conditions 

EDPP61 

0.10793700 

Z99995-4.0735B-05 

BDPPGIXC 

0. 

BDPP02 

0.07827220 

Z99992-3.7487B-05 

BDPPG2XC 

0. 

BDPPMl'O. 09764770 

Z99930  1.1096B-04 

BDPPMIXC 

0. 

BDPPN2-0. 09764770 

Z99925  1.1096B-04 

BDPPN2XC 

0. 

BNPTLl 

7.19995000 

Z99942  0. 

BMPTLIX 

7.20000000 

BQPOl 

1.03021000 

Z99994-1.0709B-04 

BQPGIXC 

1.00000000 

BQPG2 

1.03484000 

Z99991  5.5553B-05 

BQPG2XC 

1.00000000 

BQPNl 

1.17462000 

Z99929-2.4433B-04 

BQPNlXC 

1.00000000 

BQPM2 

1.17462000 

Z99924-2.4433B>04 

BQPfl2XC 

1.00000000 

BQPPOl 

1.02334000 

Z99996-9.3806B-05 

BOPPCIXC 

1.00000000 

1S2 


BQPP62  1.02266000 
EQPPMl  1.16128000 
EQPPM2  1.16128000 
IDCl  0.22691600 
IOC2  0.22691600 
MGGl  7620.78000 
NPTl  3599.98000 
TBMMl  24632.4000 
THMM2  24632.4000 
TZCRLl  54.4810000 
im62  374.077000 
WMMl  171.107000 
HMM2  171.107000 
Z99901  0. 

Z99903  0.50609400 
Z99905  0.23668500 
299909  0.23668500 
Z99914  0.29332400 
Z99917  0.29332400 
Z99919  1.40698000 
Z99921  1.40698000 
Z99933  0.39940100 
Z99935  7620.79000 
Z99937  94.6835000 
Z99939-3.3439E-05 
Z99941  54.5261000 
Z99944-345. 138000 
Z99948>0. 65392500 
Z99952  494.585000 
Z99954  3599.98000 
Z99956  26.9439000 
Z99958  26.5456000 
Z99964  1475.83000 
Z99967  2005.19000 
Z99973-0. 08812110 
Z99981  0.12512000 
Z99986  1.00000000 
Z99988  1.27530000 
Z99990  1.39421000 

Algebraic  variables 

omDon  Block  /ZZCOMU/ 

AFLI  0.17723600 
ALPHAILZ.  13.0000000 
ALPHAfi2  20.7143000 
ARLLGlI  0.31609000 
BASEKHMl  14914.0000 
BA8ENG2  900.000000 
BA8E0M1  949455.000 
BA8EVG2  450.000000 
BETAZl  2.20000000 
BBTAN2  2.20000000 
BETARl  1.27309000 
CYL2  8.00000000 


Z99993  3.0887B-05 
Z99931-2.4439B-04 
Z99926-2.4439E-04 
Z99915  0.00218158 
Z99912  0.00218158 
Z99965-0. 24833000 
Z99978-0. 00255082 
Z99927  171.107000 
Z99922  171.107000 
Z99959  0.00648499 
Z99979  6.3236E-05 
Z99928  0.01276840 
Z99923  0.01276840 
299900  0. 

Z99902  4.1570E-04 
Z99904-3.0047E-04 
299908-3. 0047E-04 
299913-0.02582970 
299916-0.02582970 
Z99918  0.00965595 
299920  0.00965595 
Z99932-6.6878E-05 
Z99934-0. 24414100 
Z99936-0. 02441410 
Z99938-1.5869E-05 
Z99940-0. 01026270 
Z99943-1.1160E-04 
Z99947  5.9287B-04 
Z99951-0. 52897100 
Z99953  0. 
Z99955-0. 00359245 
Z99957-0. 00367846 
Z99963-0. 03127510 
Z99966-0. 07290180 
Z99972  0.00382487 
Z99980-6.6678E-05 
Z99985  0. 

Z99987  2.6107E-04 
Z99989  6.2704E-04 


AFRLl  0.17265700 
ALPHAIUI.  120.000000 
ALPBAMl  18.4545000 
BASEXWGl  16200.0000 
BASEKNN2  14914.0000 
BASEMMl  150.000000 
BASE0H2  949455.000 
BASEVMl  5000.00000 
BETAI2  2.20000000 
BETAMIiml  1.57080000 
BETAR2  1.27309000 
DELAT2  0.49478600 


BQPPG2IC  1.00000000 
EOPPNIIC  1.00000000 
EQPn(2IC  1.00000000 
IDCIIC  0. 

IDC2IC  0. 

HGGlZ  7193.84000 
EPTlI  3600.00000 
THMHIIC  0. 

TBlllf2IC  0. 

TICRLlI  13.0000000 
imG2IC  377.000000 
EMMIIC  0. 
iniM2IC  0. 

Z99899  0. 

VSlPOZ  0. 

IDCR2IC  0. 

XDCRIIC  0. 

D2IC  0.99000000 
UIZC  0.99000000 
EAFM2ZC  1.00000000 
EAFMIZC  1.00000000 
XNVIZ  0.31609000 
1IGGI.1Z  7193.84000 
PS3lfClZ  68.0631000 
EMFFBlZ  0. 

AZ.PBA1Z  40.9791000 
TGIAGlZ-345 . 140000 
TABTRlZ  0. 

QHAPLlZ  0. 

NPTLlZ  3600.00000 
P54ZJ.1Z  21.7097000 
P54L1Z  21.3889000 
T51PZ.1Z  1416.04000 
T4PL1Z  1875.14000 
NERRlZ  0. 

TlfECH2ZC  0. 

PUEL2ZC  0. 

BAPG2ZC  1.00000000 
EAPGIZC  1.00000000 


AZ.PBA1  54.5261000 
ALPBAGl  54.0000000 
ALPHAM2  18.4545000 
BASEKNG2  2500.00000 
BASENGl  3600.00000 
BASEflM2  150.000000 
BASEV61  4160.00000 
BA8EVM2  5000.00000 
BETAMl  2.20000000 
BETAMZHM2  1.57080000 
CQLZDl  2.8143B-05 
DEZX31  0.11955700 
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DEI.G2  0.10880500 
DBLMl-O. 16062700 
DBLR2  0.14401700 
DELVTQl  0. 

DFLl-0. 75945400 
DHGGl  7620.72000 
DQ4S1  0.23181200 
DRUX31I  0.31609000 
DT51BS1  0.05651400 
BOII  0. 

E231-0. 08495740 
E71  0.14404000 
EAFEKRMl  9.6560E-06 
EAFGID  6.2704E-04 
EAFMl  1.40698000 
EAFMIMZN  0. 

EAFM2MAX  3.00000000 
EAFMAXG2  3.00000000 
EAFSMl  1.40699000 
EDPPG2D-3.7487E-05 
EZl  0.46625000 
EZSH2  1.00000000 
EMGG1-3.5977E-06 
EPMl  1.28501000 
EQP62D  5.5553E>05 
EQPPGlO-9 . 3806E>05 
EQPPM2D-2 . 4439E-04 
ERRBOUND  l.OOOOE-04 
FAR61  1 

FARGSO  0 

FARGS3  3 

FUEL2MIN  0. 

G31  0.50000000 
GBETAR2  30.0000000 
GEAFMl  100.000000 
GLARGE2  50.0000000 
GSMALLl  5.00000000 
GSPEED2  5.00000000 
HEPS  0.51678100 
HPl  2475.06000 
HPIZ  0. 

HPTIORO  2475.06000 
ZAMl  0.25021100 
ZCNTRLl-0. 08812110 
ZDBMl  0. 

ZDC2D  0.00218158 
ZOCON2  0.23668500 
ZDCRIDMAX  5.00000000 
ZDCRIMZN  0. 
ZOCR2DMAX  5.00000000 
ZDCR2MZN  0. 

ZDGIMI  0.29932500 
ZDG2ZC  0. 

ZDZ2  0.20229500 
ZDMIZC  0. 


OEZ.Zl-0. 19875100 
DELM2-0. 16062700 
DBLTA2  1.00000000 
DELNFl-O . 60571300 
DFRLl-0. 17252300 
DNPTl-O. 00255082 
DQHR21-0.68991700 
DRPMDTl  0. 

DZl  0.05000000 
E211-0. 00424787 
E51  8.45539000 
E81  0. 

EAFERRM2  9.6560B-06 
EAFG2  1.27530000 
EAFMID  0.00965595 
EAFM2  1.40698000 
EAFM2MZN  0. 

EAFMZNGl  0. 

EAFSM2  1.40699000 
EDPPMlO  1.1096B-04 
EZ2  0.46625000 
EMFFB1-3.3439B-05 
ENPTl  7.19995000 
EPM2  1.28501000 
EQPMlD-2 . 443  3B-04 
EQPPG2D  3.0887B-05 
ERl  0.94481700 
ERX1-3.5977B-06 
FARG2  2 

FARGSl  1 

FUEL2  0.19580600 
FUEZAG2  0.05038960 
G51  0.50000000 
GEAFGl  100.000000 
GEAFM2  100.000000 
GMl  1.50000000 
GSMRLL2  5.00000000 
HGl  0.92400000 
HMl  1.28978000 
HP IB  25000.0000 
HPlORD  0. 

ZAJXQMl  0.28949400 
ZAM2  0.25021100 
ZCNTRLIZ  0. 

ZDBM2  0. 

ZDCBG2  0.32394500 
ZDCRl  0.23668500 
ZDCRlDMZN-5 .00000000 
ZDCR2  0.23668500 
ZDCR2DNZN-5 . 00000000 
ZOGl  0.22926900 
ZDG2  0.17392700 
ZDG2K1  0.32394500 
ZDI.2  0.14486000 
ZDM2  0.20229500 


DBLZ2-0. 19875100 
DEZJtl  0.14401700 
DELV  l.OOOOE-04 
DELWFIZ  0. 

DNl-0. 00255082 
DNREFl  180.000000 
DQPTRl  3975.34000 
OT4BS1  0.06348980 
DZ2  0.05000000 
E221-0. 25487200 
B61  0. 

E91  0.45838300 
EAFGl  1.39421000 
BAFG2D  2.6107E-04 
EAFMIHAX  3.00000000 
BAFM2D  0.00965595 
EAFMAXGl  3.00000000 
EAFMZ1IG2  0. 
EOPPGlD-4 . 0735E-05 
BOPPM2D  1.1096E-04 
EZSMl  1.00000000 
BMFSATl-3 .5977E-06 
ENPTIZ  7.20000000 
EQPGlD-1 . 0709E-04 
BQPM2D-2 .4433E>04 
BQPPMlD-2 . 4439E>04 
ER2  0.94481700 
FARGO  0 

FARG3  3 

FARGS2  2 

FUEL2NAX  1.00000000 
Gll  0.22000000 
GBETARl  30.0000000 
GEAFG2  100.000000 
GZARGEl  50.0000000 
GM2  1.50000000 
GSPEEDl  5.00000000 
HG2  1.91000000 
HM2  1.28978000 
BPID  2475.06000 
HPIORDZ  0. 

ZAJXQM2  0.28949400 
ZCLZMl  70.0000000 
ZDlGR  1.00000000 
ZDCID  0.00218158 
ZDC(»(1  0.23668500 
ZDCRlD-3 . 0047B-04 
ZDCRIMAX  0.80000000 
ZDCR2D-3 . 0047B-04 
ZDCR2MAX  0.80000000 
ZDGIZC  0. 

ZDG2BRR  0. 

ZDZl  0.20229500 
ZDMl  0.20229500 
ZDN2ZC  0. 
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IDRl 

0.23920500 

ZDR2 

0.23920500 

IDEMl 

IDXM2 

0.12198400 

ZERRl 

0.00976887 

lERRlIC 

IEI«2 

0.00976887 

IERR2IC 

0. 

IGGl 

IITIDI 

580.484000 

IQBMl 

0. 

IQBN2 

IQCBG2 

0.19968600 

IQGl 

0.07243820 

IQGIIC 

igGlMl 

0.09457250 

IQG2 

0.10721200 

ZQG2ERR 

IQ62IC 

0. 

IQG2M1 

0.19968600 

ZQZl- 

IQI2-0. 14724900 

IQZ.2 

0.14747300 

ZQMl- 

K^lIC 

0. 

I<^-0. 14724900 

Ztft2ZC 

IQRl 

0.07339300 

I0R2 

0.07339300 

JJG 

JJPROP 

1.3130E-I-06 

JJP8 

1.4790E-I-06 

JJPTl 

JJSBFT 

166000.000 

KOORES 

0. 

KOlRES 

K02RES-0. 05737380 

K03RES 

0.96980600 

X04RES- 

K05RES 

8.65721000 

K06RES-5. 19908000 

K07RES- 

K08RES 

15.9458000 

K09RES 

20.3595000 

KIORES- 

KAZARMl 

0 

XBRAXEl 

1.00000000 

1CBRA1CE2 

ECU 

0.50000000 

KDFRQ 

1.57080000 

KGC 

KGOV2 

0.20000000 

KHOLDPIl 

1.00000000 

KZ 

KIGlMl 

1.30556000 

KIG2N1 

1.86253000 

XXNGIMI 

KKWG2M1 

0.16762800 

KPNGGl 

0.01017600 

KQBP 

XRATl 

0.16000000 

XRATEl 

10.0000000 

XSBTDNl 

KTBLl 

0 

KTURB02 

0.50000000 

KVGIMI 

KVG2M1 

0.09000000 

KVSHIP 

0.00754970 

KEGlMl 

KZG2N1 

0.04832140 

LBRAKEl 

F 

ZARAKE2 

LCBG2 

T 

LOOPLR 

F 

ZJNDl 

LFHD2 

T 

I.HEADR 

F 

Z.aOZJ>lPZ 

IJIGGIA 

F 

LPNROl 

F 

Z.SEA 

LT541A 

F 

MAXIT 

10.0000000 

MFKACl 

NFKFRl 

KFWl 

0.17259000 

159.400000 

MFKKVl 

23.0000000 

2091.30000 

NFKNl 

Hi 

3599.98000 

Nil 

3600.00000 

N2 

NERRl 

0.02294920 

RGB 

3600.00000 

NGGIB 

NGGLl 

7620.79000 

NKAX2 

950.000000 

NMZN2 

NPlPU 

0.47042900 

NPIPUZ 

5.3832B-06 

NPIRPN 

NPIRPMI 

7.7905E-04 

NP2PU 

0.47042900 

NP2PUZ 

IIP2RMPI 

7.7905B-04 

NP2RPM 

68.0797000 

NPRPMB 

NPRPSB 

2.41200000 

NPTIB 

3600.00000 

NPTIORD 

NPTIORDI 

3600.00000 

NPTIR 

3600.00000 

NPTIRZ 

NPTLl 

3599.98000 

NPTQl 

158.067000 

NPTQIZ 

MPTRl 

3599.98000 

NPTRII 

3600.00000 

NREFl 

NSET2 

900.000000 

PI 

0.16000000 

P2 

P2T21 

5.50753000 

P541 

26.5455000 

P541Z 

P54L1 

26.5456000 

P54LZ.1 

26.9439000 

P54Q1 

P54Q1Z 

1.47725000 

P54R21 

26.5450000 

P54R21Z 

PAMB 

14.6960000 

PCNTRLl 

0.01147460 

PCNTRLIZ 

PCTIDl 

0.01000000 

PBZPNl 

2.20000000 

PHZPN2 

PHZSMl 

0.20000000 

PHI8M2 

0.20000000 

PNGGl 

PNGGRl 

77.5494000 

PNGGRII 

73.2049000 

PS31 

PS31Z 

68.0631000 

PS3R21 

94.6826000 

PS3R21Z 

PS3WC1 

94.6835000 

PWRDl 

9.90022000 

PNRDIZ 

Q1 

0.12000000 

041 

7320.23000 

Q4R21 

QCALl 

2723.95000 

QCALII 

0. 

QGB 

OBl- 

•0.45810500 

OLIDl 

364.725000 

0X>1D1Z 

WIAPI 

494.570000 

QMAPII 

0. 

tflAPLl 

QPl 

234474.000 

QPIF 

6194.13000 

QPIFZ 

0.12198400 

0. 

566.778000 

0. 

0. 

0. 

•0.14724900 

•0.14724900 

0. 

16505.0000 

2171.50000 

0.20233900 

-0.23175100 

-23.5963000 

-15.1637000 

1.00000000 

32.1740000 

307.240000 

1.08623000 

5252.10000 

0 

0.83200000 

0.63727300 

F 

T 

r 

F 

0.58200000 

4.6080E-08 

13659.6000 
893.042000 
9827.00000 
400.000000 
68.0797000 
5.3832E-06 
144.719000 
3600.00000 
3600.00000 
158.068000 
3672.00000 
14.6960000 
21.3889000 
1.83342000 
21.3889000 
0. 

2.20000000 

77.5494000 

94.6826000 

68.0631000 

0. 

7320.23000 

36520.0000 

364.730000 

494.585000 

92443.6000 
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QPlI-0. 23332300 

QPlPO 

0.18923400 

QPlPai-1.8831E-07 

gP2 

234474.000 

QP2P  6194.13000 

gP2FI 

92443.6000 

QP2I-0. 23332300 

QP2PO  0.18923400 

QP2POI-1 . 8831E-07 

QPBASE 

1.2391B-I-06 

QPSBAP 

92466.4000 

QPTl 

3975.49000 

QPTIB 

36473.0000 

QPTII 

364.730000 

QPTIPO 

0.10885800 

QREPl 

45000.0000 

RDCl 

0.02000000 

RDC2 

0.02000000 

RSIPUO 

0.09625660 

RS  lPOl>5 . 89 1 lB-04 

RSlPa2 

0.09581350 

KS1PU3 

0.10240200 

RSlPO 

0.29388300 

RSIPOIO 

0. 

RSlPUIl 

0. 

RSlPai2 

0. 

BS1PDI3 

0. 

RSIPUI 

0. 

SEAFRQ 

1.04720000 

SEATIME 

0. 

SNEGVLl 

0. 

SPDERRIIC 

0. 

SPDERR2 

6.95807000 

SPDERR21C 

0. 

SPDREFl 

0.50000000 

SPDREF2 

0.50000000 

SPEEDERRl 

0.04613510 

SPEEDBRR2 

0.04613510 

SQBTB2 

1.00000000 

SWITCBVARl 

0.02903650 

SHITCHVAR2 

0.02903650 

TOSEA 

0. 

T2 

518.700000 

T41 

2004.96000 

T4P1 

2004.90000 

T4PL1 

2005.19000 

T4R21 

2004.90000 

T4D1-3. 64363000 

T511 

1475.59000 

T51P1 

1475.53000 

T51PL1 

1475.83000 

T51Q1 

1.00004000 

T51R21 

1475.53000 

T5101- 

-3.62814000 

T541 

966.618000 

TABTRll 

0.54461100 

TAZ.PBA1(32) 

999.900000 

299976(16) 

108.000000 

299977(16) 

999.900000 

TAMB 

59.0000000 

TAUBETARl 

0.01000000 

TAaBETAR2 

0.01000000 

TAUEAFGl 

0.10000000 

TAUEAFa2 

0.10000000 

TAOEAFNl 

0.10000000 

TAOEAPM2 

0.10000000 

TAOFASTl 

0.10000000 

TAnFAST2 

0.10000000 

TAUGOV2 

2.00000000 

TAUSLOWl 

20.0000000 

TAUSZ.0W2 

20.0000000 

TAOSPEEDl 

20.0000000 

TAaSPEED2 

20.0000000 

TCll 

3.00000000 

TDOP61 

3.19000000 

TDOP62 

3.79000000 

TDOPMl 

2.10000000 

TDOPM2 

2.10000000 

TOOPPGl 

0.04000000 

TDOPP62 

0.38000000 

TDOPPMl 

0.03900000 

TOOPPM2 

0.03900000 

TDT541(48) 

99999.0000 

299968(36) 

68.3000000 

299969(12) 

99999.0000 

TE61-0. 09887520 

TEGIIC 

0. 

TEG2-0. 12512000 

TENl 

0.18932100 

TEM2 

0.18932100 

TESMl 

3610.92000 

TESMII 

0. 

T6LAG1 

7.19996000 

THDOT21-0. 00996538 

THET2N 

1.00000000 

TBETA2 

1.00000000 

THRESBOLDl 

0.10000000 

TaRESHOLD2 

0.10000000 

THTA2V 

1.00000000 

TICl 

54.4816000 

TICIU. 

13.0000000 

TIClUL 

113.500000 

TICHDl 

54.4816000 

TICNDII 

13.0000000 

TZCNl-0. 07664650 

TICNlI 

0. 

TlCRLlI.L-'89 . 0000000 

TZCBLIOL 

22.5000000 

TICSl 

54.5570000 

TICS 11 

13.0000000 

TMBP(116) 

950.000000 

299997(96) 

0.92280000 

299998(20) 

950.000000 

TM62 

0.12512000 

TMNl-0. 18923400 

TMM2 -0.18923400 

TORQ2 

0.12508700 

TPlPO 

0.17447200 

TPIPUI 

0. 

TP2PO 

0.17447200 

TP2POI 

0. 

TQOPPGl 

0.09000000 

TQOPPG2 

0.19000000 

TQOPPNl 

0.19300000 

TQOPPN2 

0.19300000 

TSEA 

6.00000000 

TSTOP 

160.000000 

TURBOZAG2 

0.44439700 

TUT4H1 

0.25220100 

TOT51H1 

0.10368500 

TVSOREF 

696.262000 

U1 

0.29332400 

aiD-0. 02582970 

U2 

0.29332400 

U2D-0. 02582970 

UMAXl 

0.99000000 

UMAX2 

0.99000000 

UMINl 

0. 

UMIN2 

0. 

VDBIC 

0. 

VDBU8 

0.12826000 

VDCBG2 

0.12826000 

VDERR 

0. 

VDGl 

0.11880200 

VDG2 

0.10829200 

VDZl-0. 09205850 

VDZ2-0. 09205850 

VDMl- 

-0.07733350 

VDM2- 

-0.07733350 

VDRl 

0.13560000 

VDR2 

0.13560000 

VERRGl 

0.01394270 

VERRG2 

0.01275330 

VIl-0. 45383500 

VI2-0. 45383500 

VNl 

7.34400000 

VNSPl 

500.000000 

VQl 

9.00000000 

VQBZC 

1.00000000 

VQBUS 

0.95895700 

VQCBG2 

0.95895700 

VQERR 

0. 

VQGl 

0.98894700 

VQG2 

0.99134900 

VQIl 

0.45707100 
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VQI2 

0.45707100 

VQHl 

0.47730000 

VQM2 

VQRl 

0.93503600 

VQR2 

0.93503600 

VQSPl 

VRl 

0.45838300 

VR2 

0.45838300 

VRATEl 

VRSFl 

360.000000 

VSIPGO 

l.OOOOE-05 

VSIPUIO 

VSIPUIOI 

0. 

VS1PU2 

0.25613100 

VS1PU2I 

VS1PU3 

0.12962600 

VS1PU3I 

0. 

VS1PU4 

VS1PU4I 

0. 

VS1PU5 

0.03320130 

VS1P05I 

VS1PU6 

0.01680290 

VS1PU6I 

0. 

VS1PU7 

VS1P07I 

0. 

VS1PU8 

0.00430375 

VSlPtl8l 

VS1PU9 

0.00217810 

VSlPa9I 

0. 

VS  IPO 

VT12 

0.93604900 

VTGl 

0.99605700 

VTG2 

VTMl 

0.48352500 

VTM2 

0.48352500 

VTOPl 

VTREFGl 

1.01000000 

VTSEPG2 

1.01000000 

VTRQGSl 

W41 

57.3892000 

W4R21 

57.3892000 

W541 

H54R21 

64.1990000 

WAVE 

4.00000000 

WEFSEA 

WESBA 

0. 

WESEAHG 

0. 

WESMAX 

HFACl 

4302.86000 

HFSR21 

3173.84000 

WFOELl 

WFtlELlI 

2185.21000 

WMGl 

376.998000 

WlfG2D 

WMMID 

0.01276840 

WMM2D 

0.01276840 

WO 

WRNIORD 

1.00000000 

WRNIORDIC 

1.00000000 

WSMGl 

WRHGlIC 

1.00000000 

WRHG2 

0.99224700 

WREMl 

NRNM2 

0.45386500 

XDCl 

1.68000000 

XDC2 

XDGl 

1.77000000 

XDG2 

1.63000000 

XDMl 

XDM2 

1.76000000 

XDMXQMl 

0.60300000 

XDMX(^ 

XDPGl 

0.18000000 

XDPG2 

0.25000000 

XDPMl 

XDPM2 

0.60800000 

XOPPGl 

0.15000000 

XDPPG2 

XOPPMl 

0.54200000 

XDPPM2 

0.54200000 

XGl 

XG2 

0.10000000 

XK3I.1 

2.20000000 

XLl 

XLGl 

0.13000000 

XLG2 

0.07500000 

XLMl 

XLM2 

0.33700000 

XMl 

0.10000000 

XMVl 

XQGl 

1.64000000 

XQG2 

1.01000000 

XQNl 

XQM2 

1.15700000 

XQPPGl 

0.15000000 

XQPPG2 

XQPPMl 

0.49400000 

XQPPM2 

0.49400000 

XVSOREF 

Z99871 

0.32391200 

Z99872-0. 97516100 

Z99873 

Z99874 

0.32391200 

Z99875 

0.32392900 

Z99877 

Z99878 

0.19968600 

Z99879-1. 50261000 

Z99880 

Z99881 

0.19978700 

Z99882 

0.19968800 

Z99884 

Z99885 

0.95895700 

Z99886- 

-1.09385000 

Z99887 

Z99888 

0.95900500 

Z99889 

0.95901400 

Z99891 

Z99892 

0.12826000 

Z99893-0. 85598100 

Z99894 

Z99895 

0.12828100 

Z99896 

0.12826000 

Z99898 

Z99906 

0.02903650 

Z99907 

0.02903650 

Z99910 

Z99911 

0.02903650 

Z99945 

7.19995000 

Z99946 

Z99949 

0.54478900 

Z99950 

0.54461100 

Z99960 

Z99961 

40 

Z99962 

49.2683000 

Z99970 

Z99971 

54.5570000 

Z99974 

18 

Z99975 

Z99982 

115 

Z99983 

99 

Z99984 

ZZSBED 

55555555 

0.47730000 

5000.00000 

0. 

0.00110232 

0. 

0.06560300 

0. 

0.00850387 

0. 

0.50609400 

0.99724700 

0. 

0. 

64.1990000 

1.04720000 

0.10000000 

3173.23000 

6.3236E-05 

377.000000 

0.99999400 

0.45386500 

1.68000000 

1.76000000 

0.60300000 

0.60800000 

0.18000000 

0.10000000 

0.10000000 

0.33700000 

0.39936800 

1.15700000 

0.28000000 

207.220000 

0.32394600 

1 

0.19953500 

1 

0.95890400 

1 

0.12824300 

1 

0.02903650 

7.19996000 

47 

20 

13.0000000 

0.12508700 
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VSIP 


Q  Two  General  or /Two  Motor  Ship 
°  Two  Mode  Speed  Control 


T  I  I  I  I  I 


0  8  16  24  32  40 

T 
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Two  General or /Two  Motor  Ship 
Two  Mode  Speed  Control 


OT I I 1 I I 

'  0  8  16  2^  32  40 

T 
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Two  Generator /Two  Motor  Ship 
®  Two  Mode  Speed  Control 


- 1  I - 1  r  I 

'  0  8  16  24  32  40 

T 
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URNGl  TEGl  URNG2  TEG2 

0.993  0.998  1.003-0.4  -0.2  0.0  0.9880  0.9905  0.9930).  4  -0.2 


Two  General  or /Two  Motor  Ship 
Two  Mode  Speed  Control 


mm 

r 

IH 

Ia/ 

- 

1 

,  _  ■  — 

s 

r 
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1 
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II 

0  8  16  24  32  40 

T 
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Appendix  D:  Simulation  Output 


This  appendix  contains  an  ACSL  ddxig  dun^  of  all  model  values  followed  by 
gri4>hical  outputs  of  important  vaiiabies  of  interest.  The  debug  dump  is  rather  lengthy, 
but  this  will  allow  re-creatioa  of  the  emulation  in  the  future  if  required.  See  appendix  F 
for  a  dictionary  of  the  variable  names. 


D.l  Acceleratioii  From  Rest 


T  150.000000 
ZZIERR  F 
ZZSTFL  T 
ZZRMFL  F 
ZZHAST  0 

HXXT  0.10000000 

State  Variables 

EDPPGl  0.20712500 
EDPP62  0.26969000 
EDPPMl -0.42161800 
ENPTL2  7.19999000 
EQPGl  1.03756000 
BQPG2  1.00525000 
EQPMl  1.11792000 
EQPP61  1.01382000 
EQPPG2  0.99599300 
EQPPMl  1.06026000 
ZDCl  0.97999000 
ll<362  7939.00000 
IIPT2  3599.99000 
THH61  56018.5000 
THM02  56552.3000 
TBMMl  44224.0000 
TICIU;.2  64.6034000 
NMGl  373.192000 
HMNl  366.055000 
Z99913  0. 

Z99915  1.00474000 
Z99917  1.00000000 
899920  0.60061100 
899922  2.12437000 
S99931  0.48354200 
Z99933  7939.00000 
Z99935  124.227000 


ZZTZCG  0. 

ZZNBUC  1 

ZZFRFL  F 
ZZJBFZ.  F 
ZBLG  1 

MZNT  l.OOOOE-08 

Derivatives 
Z9999S  2.8048E-05 
Z99992-2.4818E-05 
Z99926-2.2142B-05 
899940-4. 7684E-05 
Z99994-2.1611E-05 
Z99991  7.1674E-06 
Z99925  8.2020E-07 
Z99996  5.3622E-06 
Z99993-7.4970B-06 
Z99927-1.4624E-05 
Z99918  6.6976B-05 
899963-8. 2527E-04 
899976-0.02691890 
899978  373.192000 
899929  376.999000 
899923  366.055000 
899957  0.00938416 
899979-7. 4413B-04 
899924  0.01456500 
899912  0. 

899914  7.6095B-05 
899916  0. 
899919-0.03035660 
899921  0. 
899930-6. 6314X-07 
899932  0. 

899934  0. 


CZET  0.10000000 
Z8ZCON  0 

88ZCFL  F 
ZZNZST  42 

NSTP  100 


initial  Conditions 
BDPP61ZC  0. 

BDPP62ZC  0. 

BDPPNIZC  0. 

BNPTZ.2Z  7.20000000 
BQP61ZC  1.00000000 
BQP62ZC  1.00000000 
EQPMIZC  1.00000000 
BQPPGIZC  1.00000000 
BQPPG2ZC  1.00000000 
EQPPMIZC  1.00000000 
ZDCIZC  0. 

N662Z  7193.84000 
IIPT2Z  3600.00000 
899977  0. 

899928  0. 

TBMNIZC  0. 

TZCEL2Z  13.0000000 
HNGIZC  377.000000 

mmizc  0. 

899911  0. 

VSIPUZ  0. 

ZDCRIZC  0. 

DIZC  0.99000000 
EAFMIZC  1.00000000 
XffV2Z  0.31609000 
irooi.2Z  7193.84000 
P831IC2Z  68.0631000 


166 


*99937-3. 3157E-07 
Z99939  64.6195000 
299942-345.140000 
299946-1.73586000 
299950  1313.25000 
299952  3599.99000 
299954  31.9862000 
299956  31.5135000 
299962  1539.07000 
299965  2130.50000 
299971-0.01978600 
299981  0.36751700 
299986  1.00000000 
299988  1.49561000 
299990  1.50550000 

Algebraic  Variables 

ommon  Block  /22COMU/ 

AFL2  0.16428700 
AI.PHA2IJ.  13.0000000 
AZ.PHA62  54.0000000 
BASBKW61  2500.00000 
BASEN61  900.000000 
BASEOMl  949455.000 
BASBVMl  5000.00000 
CQLZD2  2.8143E-05 
DEI/31  0.29216700 
DELRl  0.42805300 
DELVTQ2  0. 

DFL2-0. 77240300 
DNGG2  7939.00000 
DQ4S2  0.03920190 
DRU/:2l  0.31609000 
DT51HS2  5.5702E-04 
E222-0. 09077050 
E62  0. 

E92  0.50003600 
EAFGlD-0. 00187397 
EAFMl  2.12437000 
EAFMIMIN  0. 

EAFMINGl  0. 

EDPPGID  2.8048E-05 
Ell  0.91375200 
EMFSAT2-2 .5686E-08 
ENPT2I  7.20000000 
EQPG2D  7.1674E-06 
EQPPG2D-7 . 4970E-06 
ERRBOUND  l.OOOOE-04 
EARGl  1 

PARG80  0 

FARGS3  3 

rUEblMZH  0. 

G32  0.50000000 
GEAFGl  100.000000 


299936  7.2369E-08 
299938  0. 

299941  0.00237404 
299945-1. 3908E-05 
299949  0.01220700 
299951-0.02882220 
299953-5. 0712E-06 
299955  0. 
299961-3. 9283E-04 
299964-0.01189530 
299970  0.00154622 
299980  1.4538E-05 
299985  0. 

299987  0.00220656 
299989-0.00187397 


AntZ.2  0.17259100 
ALPHA2aX.  120.000000 
ALPHAMl  18.4545000 
BASEXNG2  16200.0000 
BASENG2  3600.00000 
BASEVGl  450.000000 
BETAIl  2.20000000 

cm  8.00000000 

DEbG2  0.30293100 
DEI.TA2  1.00000000 
DEi:.HF2 -0 . 0 39  5 5 0 8 0 
DFRL2-0. 17258900 
D1IPT2-0. 02691890 
DQHR22-0. 04072430 
ORPMDT2-3 . 5858E-05 
E02I  0. 

E232-0. 03025680 
E72  0.14412100 
EAFEBKNl  0. 

EAFG2  1.49561000 
EAENID  0. 

EAFHAXGl  3.00000000 
EAFMING2  0. 
EDPPG2D-2 . 4  8 1 8E-05 
EXSMl  1.00000000 
ENGG2-2.5686E-08 
EPMl  1.58679000 
EQPMID  8.2020E-07 
EQPPMlO-1 . 4624E-05 
ERX2-2.5686E-08 
FARG2  2 

FAKGSl  1 

FUELl  0.40711500 
FUELAGl  0.05050910 
G52  0.50000000 
GEAFG2  100.000000 


EMFFB2I  0. 

AZ.PBA2I  40.9791000 
T(aAG2Z-345 . 140000 
TABTR2I  0. 

(9IAPI.2Z  0. 

IIPTL2Z  3600.00000 
P54LL2Z  21.7097000 
P54I.2I  21.3889000 
T51PL2I  1416.04000 
T4PL2I  1875.14000 
NERR2I  0. 

TNECBIIC  0. 

FUELIIC  0. 

EAFG2IC  1.00000000 
EAFGIIC  1.00000000 


ALPHA2  64.6195000 
ALPHAGl  20.7143000 
ARLLG2I  0.31609000 
BA8EXNM1  14914.0000 
BASEMMl  150.000000 
BASEVG2  4160.00000 
BETARl  0.92653200 
DElAYl  0.41613500 
DBLIl-O. 89761000 
DELV  l.OOOOB-04 
DELNF2I  0. 

DH2-0. 02691890 
DMBEF2  180.000000 
DQPTR2  9984.12000 
DT4BS2  0.00812641 
E212-0. 00151284 
E52  7.55344000 
E82  0. 

EAFGl  1.50550000 
EAFG2D  0.00220656 
EAFNINAX  4.00000000 
EAFMAXG2  3.00000000 
EAFSMl  2.12437000 
BDPPNlD-2 . 2 142E-05 
EMFFB2-3 . 3157E-07 
ENPT2  7.19999000 
BQPG1D-2.1611B-05 
EOPPGID  5.3622E-06 
ERl  0.91505900 
FARGO  0 

FARG3  3 

FARGS2  2 

FUEBIMAX  1.00000000 
G12  0.22000000 
GBETARl  30.0000000 
GEAFMl  100.000000 
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GSPBBDl 

100.000000 

TCI 

HEPS 

0.51678100 

HMl 

HP2B 

25000.0000 

HP2D 

HP20RD 

0. 

HP20RDZ 

lAJXQMl 

1.04928000 

ZCLIN2 

ICIITRL2I 

0. 

ID2<SR 

IDCRl 

1.00000000 

ZDCRID 

IDCRlDMXN-10 .0000000 

IDCRIMBX 

ZDGl 

0.33911600 

lOGlIC 

IDG2EKR 

0. 

ID62IC 

IDNl 

0.87365600 

ZDNIIC 

IDSMl 

0.89149500 

IDXMl 

IBRRIIC 

0. 

IGG2 

IQGl 

0.28374100 

IQGIIC 

IQG2ERR 

0. 

IQG2IC 

I<^1 -0.63593000 

IQMIIC 

JJ6 

16505.0000 

JJPROP 

JJPT2 

2171.50000 

JJSBFT 

XOIRES 

0.20233900 

K02RES< 

K04RES-0. 23175100 

K05RES 

K07RES-23. 5963000 

K08RES 

K10IU:S-15. 1637000 

KALARM2 

KDFRQ 

1.57080000 

KGC 

KBOLOPI2 

1.00000000 

KI 

KIG2M1 

1.30556000 

KKHGIHI 

KPH662 

0.01017600 

KQHP 

KI(ATE2 

10.0000000 

KSHTDH2 

KTURBOl 

0.50000000 

ICVGlMl 

XVSBIP 

0.00754970 

KZGINI 

LDOPLR 

F 

UHDl 

LHOL02PI 

F 

LNGG2A 

LSEA 

F 

I.T542A 

MFKAC2 

0.58200000 

MFKFR2 

MFKH2 

4.6080E-08 

MFH2 

13659.6000 

HI 

N2I 

3600.00000 

HERR2 

NGG2B 

9827.00000 

NGGL2 

NMINl 

400.000000 

NPIPU 

NPIRPN 

145.645000 

NPIRPMI 

MP2PUI 

5.3832E-06 

NP2RMPI 

NPRPMB 

144.719000 

NPRPSB 

1IPT20RD 

3600.00000 

HPT20RDX 

NPT2RI 

3600.00000 

HPTX.2 

IIPTQ2Z 

158.068000 

NPTR2 

NREF2 

3672.00000 

NSETl 

P2 

14.6960000 

P2T22 

P542I 

21.3889000 

P54L2 

P54Q2 

2.17652000 

P54Q2X 

P54R22Z 

21.3889000 

PAMB 

PCIITRL2Z 

0. 

PCTXD2 

PIfG02 

80.7877000 

PNGGR2 

P832 

124.227000 

P832X 

PS3R22I 

68.0631000 

P83lfC2 

PWBD2Z 

0. 

Q1 

Q4R22 

10277.3000 

QCAI.2 

1.91000000  B62  0.92400000 


1.28978000 

HP2 

6594.62000 

6594.62000 

HP2X 

0. 

0. 

HPT202U> 

6594.62000 

70.0000000 

XCHTRX.2- 

-0.01978600 

1.00000000 

XDCID 

6.6976E-05 

10.0000000 

XDCRIDNAX 

10.0000000 

1.00000000 

XDCRIMXM 

0. 

0. 

XDG2 

0.30839800 

0. 

XDL2 

0.17026800 

0. 

XDRl 

0.86397900 

0.53757100 

XERRl 

0.02001020 

566.778000 

XXTXD2 

580.484000 

0. 

XQG2 

0.18099900 

0. 

XQL2 

0.11576500 

0. 

XQRl 

0.64901600 

1.3130E-^06 

JJPS 

1.4790E-I-06 

166000.000 

KOORES 

0. 

>0.05737380 

K03RES 

0.96980600 

8.65721000 

K06RES-5 . 19908000 

15.9458000 

X09RES 

20.3595000 

0 

KC12 

0.50000000 

32.1740000 

XGOVl 

0.20000000 

307.240000 

KXGIMI 

1.86253000 

0.16762800 

KXNG2N1 

1.08623000 

5252.10000 

1CRAT2 

0.16000000 

0 

XTBL2 

0 

0.09000000 

1CVG2M1 

0.83200000 

0.04832140 

KZG2M1 

0.63727300 

T 

LHEAOR 

F 

F 

LFNR02 

F 

F 

MAXXT 

10.0000000 

0.17259000 

MFXMV2 

23.0000000 

159.400000 

2091.30000 

890.929000 

M2 

3599.99000 

0.00927734 

RGB 

3600.00000 

7939.00000 

HMAXl 

950.000000 

1.00640000 

NPlPDX 

S.3832E-06 

7.7905E-04 

NP2PU 

1.00640000 

7.7905E-04 

HP2RPM 

145.645000 

2.41200000 

NPT2B 

3600.00000 

3600.00000 

NPT2R 

3600.00000 

3599.99000 

HPTQ2 

158.068000 

3599.99000 

NPTR2X 

3600.00000 

900.000000 

PI 

0.16000000 

5.50753000 

P542 

31.5135000 

31.5135000 

P54LL2 

31.9862000 

1.47725000 

P54R22 

31.5135000 

14.6960000 

PCMTRL2 

0.00463867 

0.01000000 

PHX8M1 

0.20000000 

80.7877000 

PHGGR2X 

73.2049000 

68.0631000 

P83R22 

124.227000 

124.227000 

PNRD2 

26.3785000 

0.12000000 

Q42 

10277.3000 

7232.78000 

QCAI.2X 

0. 
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Q6B  36520.0000 
QLID2I  364.730000 
QMAPL2  1313.25000 
QPIFI  92443.6000 
QPlPOI-l . 8831E-07 
QP2FI  92443.6000 
QP2PUI-1.8831E-07 
QPT2  9984.12000 
QPT2PU  0.27338800 
RSIPUO  21.9066000 
RS1PU3  0.20329700 
RSIPUII  0. 

RSIPUI  0. 

SNEGVL2  0. 

SPBEDERRl  0.02903100 
T2  518.700000 
T4PL2  2130.50000 
T512  1539.07000 
T51Q2  1.00000000 
T542  1026.56000 
299974(16)  108.000000 
TAUBETARl  0.01000000 
TAUEAFNl  0.05000000 
TC12  3.00000000 
TDOPMl  2.10000000 
TDOPPNl  0.03900000 
299967(12)  99999.0000 
TE62IC  0. 

TESM2I  0. 

THET2N  1.00000000 
TIC2  64.6044000 
TICMD2  64.6044000 
TICN2X  0. 

TICS2  64.6200000 
299997(96)  0.92280000 
TMMl-1. 01583000 
TPIPU  0.96772600 
TP2PU1  0. 

TQOPPMl  0.19300000 
TURBOUWSl  0.36562600 
TVSOREF  696.262000 
UMAXl  0. ^<>000000 
VDBUS  0.31494000 
VDG2  0.29684000 
VERRGl  0.01505320 
VN2  7.34400000 
VQBIC  1.00000000 
VQGl  0.95278300 
VQRl  0.83249900 
VIt2  0.50000000 
VSIPUO  l.OOOOB-05 
V81PU2  1.00949000 
VS1PU3Z  0. 

VS1PU5  1.02390000 
VS1PU6X  0. 


QB2-0. 00152240 
OMAP2  1313.25000 
QPl  1.2587E-t-06 
OPlX-0. 23332300 
QP2  1.2587E+06 
QP2X-0. 23332300 
QPBASE  1.2391B-f06 
QPT2B  36473.0000 
QRBF2  45000.0000 
RSlPOl-20. 8741000 
RSlPO  1.92537000 
RS1PUX2  0. 

SEAFRQ  1.04720000 
SPDERRl  9.07117000 
SQRTH2  1.00000000 
T42  2130.46000 
T41122  2130.46000 
T51P2  1539.07000 
T51R22  1539.07000 
TABTR12  1.44656000 
299975(16)  999.900000 
TAOEAFGl  0.10000000 
TAUGOVl  2.00000000 
TDOPGl  3.79000000 
TDOPPGl  0.38000000 
TDT542(48)  99999.0000 
TEGl-0. 36752500 
TEMl  1.01593000 
TGIAG2  7.19988000 
THETA2  1.00000000 
TXC2XJ.  13.0000000 
TXCMD2X  13.0000000 
TXCRL2IiZi-89 . 0000000 
TXCS2X  13.0000000 
299998(20)  950.000000 
TMM2-1. 01583000 
TPIPUX  0. 

TQOPPGl  0.19000000 
TSEA  6.00000000 
TUT4H2  0.29891600 
U1  0.60061100 
UMXNl  0. 

VDERR  0. 
VDMl-0.71440700 
VERRG2  0.01495830 
VNSF2  500.000000 
VQBUS  0.91889700 
VQG2  0.94973400 
VQSF2  5000.00000 
VRATE2  0. 

VSIPUIO  1.04838000 
VS1PU2X  0. 

VS1PU4  1.01908000 
VS1FU5X  0. 

V81FU7  1.03362000 


QI.XD2  364.728000 
QMAP2X  0. 

QPIF  12771.9000 
QPIPU  1.01583000 
QP2F  12771.9000 
QP2PO  1.01583000 
QPSBAF  92466.4000 
QPT2X  364.730000 
RDCl  0.02000000 
RS1P02  0.68955800 
RSIPUXO  0. 

R81PUX3  0. 

SEATXME  0. 

SPDREFl  1.00000000 
T08BA  0. 

T4P2  2130.46000 
T4U2-0. 59452800 
T51PL2  1539.07000 
T51O2-0. 04557140 
TAXtPBA2(32)  999.900000 
TAHB  59.0000000 
TAOEAF62  0.10000000 
TADSPEEDl  0.10000000 
TDOPG2  3.19000000 
TDOPPG2  0.04000000 
299966(36)  68.3000000 
TEG2>0. 26344600 
TESM2  9621.03000 
TBDOT22  0. 

TBTA2V  1.00000000 
TXC20L  113.500000 
TXCH2-0. 01514730 
TXCEX.2UXI  22.5000000 
TMAP(116)  950.000000 
TMGl  0.36751700 
TORQl  0.36752300 
TP2FU  0.96772600 
T(20PPG2  0.09000000 
TSTOP  150.000000 
TUT51H2  0.12377200 
UlD-0. 03035660 
VDBXC  0. 

VDGl  0.28657300 
VDRl  0.37984100 
VXl-0. 88942200 
VQ2  9.00000000 
VQERR  0. 

V(911  0.56970600 
VRl  0.90902200 
VR8F2  360.000000 
V81PU10X  0. 

VS1PU3  1.01427000 
V81PU4X  0. 

V81P06  1.02875000 
VS1PU7I  0. 
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VS1PU8 

1.03852000 

VSlPtl8l 

0. 

VS1P09 

VS1P091 

0. 

VS  IPO 

1.00474000 

VT12 

VTGl 

0.99494700 

VTG2 

0.99504200 

VTOP2 

VTREF61 

1.01000000 

VTREPG2 

1.01000000 

VTRQ6S2 

H42 

73.1600000 

W4R22 

73.1600000 

W542 

W54R22 

81.8123000 

WAVE 

4.00000000 

WEFSEA 

mSEA 

0. 

WESEAMG 

0. 

WESMAX 

NPAC2 

5787.87000 

WFSE22 

4364.46000 

WFUEL2 

WFUEL2I 

2185.21000 

WMG1D-7.4413E-04 

WM62 

WNHID 

0.01456500 

WO 

377.000000 

WRM20IU> 

§ 

H 

O 

1.00000000 

WRN61 

0.98989900 

WRN62 

WRN62IC 

1.00000000 

WRimi 

0.97096900 

WRNM2 

XDCl 

1.68000000 

XDGl 

1.63000000 

XDG2 

XDMl 

1.76000000 

XDMXQMl 

0.60300000 

XDP61 

XDP62 

0.18000000 

XDPMl 

0.60800000 

XDPP61 

XOPPG2 

0.15000000 

XDPPMl 

0.54200000 

X61 

XG2 

0.10000000 

XX3L2 

2.20000000 

XLl 

XL61 

0.07500000 

XLG2 

0.13000000 

XLMl 

XMV2 

0.48354200 

XQ61 

1.01000000 

XQG2 

XQMl 

1.15700000 

XOPP61 

0.28000000 

XOPPG2 

XQPPMl 

0.49400000 

XVSOEEP 

207.220000 

Z99883 

Z99884 

0. 

Z99885 

0.30841400 

Z99886 

Z99887 

0.30836800 

Z99889 

1 

Z99890 

Z99891 

0. 

Z99892 

0.18101400 

Z99893 

Z99894 

0.18099700 

Z99896 

1 

Z99897 

Z99898-1. 96239000 

Z99899 

0.91864100 

Z99900 

Z99901 

0.91887100 

Z99903 

1 

Z99904 

Z99905-2. 66414000 

Z99906 

0.31488000 

Z99907 

Z99908 

0.31494700 

Z99910 

1 

Z99943 

Z99944 

7.19988000 

Z99947 

1.44656000 

Z99948 

Z99958 

47 

Z99959 

40 

Z99960 

Z99968 

22 

Z99969 

64.6200000 

Z99972 

Z99973 

13.0000000 

Z99982 

115 

Z99983 

Z99984 

0.36752300 

ZZ8EED 

55555555 

1.04344000 

0.94355800 

0. 

0. 

81.8123000 

1.04720000 

0.10000000 

4364.42000 

376.999000 

1.00000000 

0.99999700 

0.97096900 

1.77000000 

0.25000000 

0.18000000 

0.10000000 

0.10000000 

0.33700000 

1.64000000 

0.15000000 

0.30836800 

0.30836800 

0.18098100 

0.18098100 

0.91889700 

0.91902700 

0.31494000 

0.31496200 

7.19999000 

1.44656000 

52.8073000 
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D.2  Single  Mode  Speed  Control  in  Moderate  Seas 

Systui  #2t  Bod*rat«  wav«« 


T  150.000000 
ZZZBRR  T 
ZZSTFL  T 
ZZRHFL  F 
ZZRAST  0 

MAXT  0.10000000 

stat*  variablaa 

EDPP61  0.10393600 
BDPP62  0.13385500 
EDPPMl-0. 24317800 
ENPTL2  7.19951000 
EQPGl  1.05134000 
KQPG2  1.02220000 
BQPMl  0.99769300 
EQPPGl  1.03125000 
EQPP62  1.01603000 
EQPPMl  0.96322100 
IDCl  0.58815000 
HG62  7652.43000 
I1PT2  3599.80000 
TBNMl  37119.1000 
TICRU  55.8717000 
HNGl  373.828000 
mml  273.519000 
Z99917  0.12000000 
Z99919  0.80122200 
Z99921  0.60090100 
Z99924  0.38249300 
Z99926  1.60674000 
Z99933  0.40812500 
Z99935  7650.92000 
Z99937  98.0760000 
Z99939  0.00540942 
Z99941  55.7961000 
Z99944-345. 117000 
Z99948-0. 71828700 
Z99952  563.829000 
Z99954  3599.76000 
Z99956  27.4282000 
Z99958  27.0445000 
Z99964  1480.31000 
Z99967  2015.24000 
Z99973-0. 04550120 
Z99981  0.18034100 
Z99986  1.00000000 
Z99988  1.35554000 
Z99990  1.47432000 


ZZTICa  0. 

ZZMBLK  1 

ZZFEFL  F 
ZZJEFZ.  F 
lALA  1 

MIHT  l.OOOOE-08 

Darivativas 
Z99995  0.01313510 
Z99992  0.01724740 
Z99930-0. 05109890 
Z99942  4.0531E-04 
Z99994  0.00710219 
899991  0.00198796 
Z99929  0.00350416 
Z99996  0.00520087 
Z99993  0.00142611 
Z99931-0. 00344501 
Z99922  0.11471900 
Z99965  38.1411000 
Z99978  0.31122000 
Z99927  273.519000 
Z99959  1.17374000 
Z99979-0. 06713930 
Z99928-1. 64936000 
Z99916  1.8626E-08 
Z99918  4.9647E-04 
Z99920  0.11261300 
Z99923  0.00397265 
Z99925  0.12826900 
Z99932  0.01081880 
Z99934  37.6953000 
Z99936  3.63216000 
Z99938  1.2422E-04 
Z99940  1.17467000 
Z99943-0. 01869810 
Z99947-0. 08995550 
Z99951  81.0201000 
Z99953  0.22549100 
Z99955  0.55030300 
Z99957  0.54005200 
Z99963  1.80771000 
Z99966  6.35242000 
Z99972  0.03381350 
Z99980  0.03046940 
Z99985  0. 

899987  0.00328422 
899989  0.00403643 


CIET  0.10000000 
ZZICOE  0 

ZZICFL  F 
8ZEZST  40 

MSTP  10 


initial  conditiona 
EDPP61ZC  0. 

EDPPG2IC  0. 

EDPPMIIC  0. 

EHPTI.2I  7.20000000 
EQPGIIC  1.00000000 
E0P62ZC  1.00000000 
EOPMIZC  1.00000000 
EQPPGIIC  1.00000000 
EQPPG2IC  1.00000000 
EQPPMllC  1.00000000 
IDCIIC  0. 
liG62l  7193.84000 
MPT2Z  3600.00000 
THMNIZC  0. 

TZCRL2Z  13.0000000 
WMSIZC  377.000000 
NMNIZC  0. 

899915  0. 

V81P0Z  0. 

ZDCRIZC  0. 

UIZC  0.99000000 
BAFMIZC  1.00000000 
ENV2Z  0.31609000 
EOGZ.2Z  7193.84000 
PS31IC2Z  68.0631000 
ENFFB2Z  0. 

AI.PBE2Z  40.9791000 
TCLaC2Z-345 . 140000 
TABTR2Z  0. 
gmFL2Z  0. 

NPTZ.2Z  3600.00000 
P54TJ.21  21.7097000 
P54Z.2Z  21.3889000 
T51PL2Z  1416.04000 
T4PZ.2Z  1875.14000 
HEBR2Z  0. 

TNBCHIZC  0. 

FOEZilZC  0 . 

EEF82ZC  1.00000000 
EAFGIZC  1.00000000 
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Algebraic  variables 


ommon  Block  /ZZCOKO/ 

AFL2  0.16580000 
ALPBA2LL  13.0000000 
ALPHA62  54.0000000 
BASEKHSl  2500.00000 
BASBHGl  900.000000 
BASBQMl  949455.000 
BASEVNl  5000.00000 
CQLXD2  2.8143E-05 
DBL61  0.14596800 
DBLRl  0.20206400 
DELVTQ2  0. 

DFL2-0. 77088900 
DNG62  7660.77000 
DQ4S2-20. 3900000 
DBLLG2I  0.31609000 
DT51HS2-3. 17897000 
B222  0.42702600 
B62  0. 

E92  0.49969500 
BATOlO  0.00403643 
EAFMl  1.60674000 
EAFMIMIN  0. 

EAFMZMGl  0. 

E0PP61D  0.01313510 
Ell  0.58378600 
EKFSAT2  4.7579E-04 
ENPT2I  7.20000000 
BQPG2D  0.00198796 
EQPPG2D  0.00142611 
ERKBOOND  l.OOOOE-04 
FAR61  1 

FARSSO  0 

FAR!6S3  3 

FUELIMIN  0. 

G32  0.50000000 
GEAFGl  100.000000 
GSPEEDl  25.0000000 
HBPS  0.51678100 
HP2B  25000.0000 
BP20RO  0. 

ZAJXQNl  0.63051500 
xcima.21  0. 

XDCRl  0.60090100 
XDCRlDMXH-10. 0000000 
XDGl  0.25876800 
IDG2  0.203‘'5800 
XDG2M1  0.26601900 
XDMIXC  0. 

XDXMl  0.32302700 
XGG2  566.778000 
XQGIXC  0. 

IQ02ERR  0. 


AFRX.2  0.16177100 
AXfBA2tIL  120.000000 
AI.PBAM1  18.4545000 
BASEKNG2  16200.0000 
BASEIR32  3600.00000 
BASEVGl  450.000000 
BETAXl  2.20000000 
CTI.1  8.00000000 
DBX/S2  0.14855900 
DELTA2  1.00000000 
DELNF2  80.2798000 
DFRX.2-0. 18340900 
DIIPT2  0.31122000 
DQHR22  90.7505000 
DRPMDT2  3.0479E-04 
B02I  0. 

E232  0.14234200 
B72  0.14359100 
EAFERRMl  6.4135E-05 
EAFG2  1.35554000 
EAFMlD  0.12826900 
EAFMBXGl  3.00000000 
EAFMXNG2  0. 

BDPPG2D  0.01724740 
EXSMl  1.00000000 
ERGG2  4.7579B-04 
EPMl  1.28377000 
EQPNlD  0.00350416 
EQPPNlD-0. 00344501 
ERX2  4.7579E-04 
FARG2  2 

FARGSl  1 

FUELl  0.25527800 
FUELAGl  0.05042310 
G52  0.50000000 
GEAFG2  100.000000 
BGl  1.91000000 
BMl  1.28978000 
BP2D  2993.90000 
HP2OR0X  0. 

XCLXII2  70.0000000 
XD2GR  1.00000000 
XDCRID  0.11261300 
XDCRINAX  1.00000000 
XDGlXC  0. 

XDG2ERR  0. 

XOIi2  0.14877000 
XDRl  0.59921300 
XERRl  0.01275110 
XXTXD2  580.484000 
XQGlMl  0.27155200 
XQ62XC  0. 


ALPHA2  55.7961000 
ALPBAGl  20.7143000 
ARLIiG2X  0.31609000 
BASEXNMl  14914.0000 
BASENNl  150.000000 
BASEVG2  4160.00000 
BETARl  1.17830000 
DEXATl  0.47403000 
DELXl-0. 56631600 
DELV  1.0000E>04 
DELNF2X  0. 

DN2  0.31122000 
D1)REF2  180.000000 
DOPTR2  4761.81000 
DT4HS2-5 . 38298000 
B212  0,00711710 
E52  8.35195000 
E82  0. 

EAFGl  1.47432000 
EAF62D  0.00328422 
EAFMIMAX  4.00000000 
BAF1IBXG2  3.00000000 
EAFSNl  1.60680000 
EDPPMID'O . 05109890 
BMFFB2  0.00540942 
ENPT2  7.19953000 
BQPGlD  0.00710219 
EQPPGlD  0.00520087 
ERl  0.91761100 
FARGO  0 

FAR63  3 

FARGS2  2 

FOELIMAX  1.00000000 
G12  0.22000000 
GBETARl  30.0000000 
GEAFMI  100.000000 
B62  0.92400000 
BP2  2993.90000 
BP2X  0. 

HPT20RD  2993.90000 
XCNTRL2-0. 04550120 
XDClD  0.11471900 
XDCRIDMAX  10.0000000 
XDCRIMXN  0. 

XDGlNl  0.48196400 
XDG2XC  0. 

XDNl  0.52433200 
XDSMl  0.53570000 
XERRlIC  0. 

XQGl  0.1457970C 
XQG2  0.09087750 
XQG2M1  0.11864600 
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ZQL2  0.14214100 
IQRl  0.24805800 
JJPS  1.4790E-I-06 
KOORES  0. 

K03RES  0.96980600 
K06RES-5. 19908000 
K09RES  20.3595000 
KC12  0.50000000 
KGOVl  0.20000000 
KIGlNl  1.86253000 
KKWG2M1  1.08623000 
KRAT2  0.16000000 
f:tbl2  0 
KVG2M1  0.83200000 
KZG2M1  0.63727300 
Z.HEADR  F 
LPNRD2  F 
MAXIT  10.0000000 
MFKHV2  23.0000000 
2091.30000 
N2  3599.80000 
NGB  3600.00000 
mUOCl  950.000000 
NPIPUI  5.3832E-06 
NP2PU  0.75199100 
NP2RPM  108.827000 
NPT2B  3600.00000 
HPT2R  3600.00000 
NPTQ2  158.058000 
NPTR2I  3600.00000 
Pi  0.16000000 
P542  27.0521000 
P54LL2  27.4282000 
P54R22  27.0809000 
PCNTRL2  0.10144000 
PHISNl  0.20000000 
PNGGR2I  73.2049000 
PS3R22  98.2213000 
PHRD2  11.9756000 
Q42  7727.45000 
QCAL2Z  0. 

QLID2  364.689000 
QMAP2Z  0. 

QPIF  9902.20000 
QPIPU  0.49680800 
QP2F  9902.20000 
QP2PU  0.49680800 
QPSBAF  92466.4000 
QPT2I  364.730000 
ROCl  0.02000000 
RS1PU2  0.36779100 
RSlPUZO  0. 

RS1PUZ3  0. 

SEATZME  29.9900000 
SPDREFl  0.75000000 


IQMl -0.38165900 
JJG  16505.0000 
JJPT2  2171.50000 
KOIRES  0.20233909 
K04RES-0. 23175100 
K07RES-23 . 5963000 
KlORES-15. 1637000 
KDFRQ  1.57080000 
KHOLOPI2  1.00000000 
KZG2N1  1.30556000 
KPNGG2  0.01017600 
KRATE2  10.0000000 
KTURBOl  0.50000000 
KVSHZP  0.00754970 
LOOPIA  F 
Z.BOL02PZ  F 

LSEA  T 
1(FKAC2  0.58200000 
MFKN2  4.6080E-08 
13659.6000 
N2Z  3600.00000 
NGG2B  9827.00000 
NMZNl  400.000000 
NPIRPM  108.827000 
NP2PUZ  5.3832E-06 
NPRPMB  144.719000 
NPT20RD  3600.00000 
NPT2R1  3600.00000 
NPTQ2Z  158.068000 
NREF2  3672.00000 
P2  14.6960000 
P542Z  21.3889000 
P54Q2  1.86637000 
P54R22Z  21.3889000 
PCNTRL2Z  0. 

PNGG2  77.8715000 
PS32  98.2213000 
PS3R22Z  68.0631000 
PVrRD2Z  0. 

Q4R22  7727.45000 
QGB  36520.0000 
QLZD2Z  364.730000 
QMAPI.2  563.829000 
QPIFZ  92443.6000 
QPlPUZ-1 . 8831E-07 
QP2FZ  92443.6000 
QP2FUZ-1.8831E-07 
QPT2  4751.70000 
QFT2PU  0.13011200 
RSIPUO  3.86325000 
RS1PU3  0.16232200 
RSlPUZl  0. 

RSIPUZ  0. 

SNEGVI.2  0. 

SPEEOERRl  0.02448650 


ZQNIZC  0. 

JJPROP  1.3130E4-06 
JJSBFT  166000.000 
K02RES-0. 05737380 
K05RES  8.65721000 
K08RES  15.9458000 
KAZARM2  0 

XGC  32.1740000 
KZ  307.240000 
KKMGIMI  0.16762800 
KQHP  5252.10000 
KSHTDN2  0 

KVGlNl  0.09000000 
KZGIMI  0.04832140 
LFHDl  T 

ZJIGG2A  F 
LT542A  F 

MFKFR2  0.17259000 
MFW2  159.400000 
HI  892.447000 
NERR2  0.20288100 
NGGL2  7650.92000 
NPIPU  0.75199100 
NPIRPMZ  7.7905E-04 
NP2RMPZ  7.7905E-04 
NPRPSB  2.41200000 
NPT20RDZ  3600.00000 
HPTI.2  3599.76000 
NPTR2  3599.80000 
NSETl  900.000000 
P2T22  5.50753000 
P54L2  27.0445000 
P54Q2Z  1.47725000 
PAMB  14.6960000 
PCTZD2  0.01000000 
PNGGR2  77.8715000 
PS32Z  68.0631000 
PS3WC2  98.0760000 
Q1  0.12000000 
QCAL2  3105.31000 
QH2  70.3605000 
QMAP2  566.259000 
QPl  615581.000 
QPlZ-0. 23332300 
QP2  615581.000 
QP2Z-0. 23332300 
QPBASE  1.2391E-»-06 
QPT2B  36473.0000 
QREF2  45000.0000 
RSlPUl-3. 55514000 
RSIPU  0.83822800 
RS1PUZ2  0. 

SEAFRQ  1.04720000 
SPDERRl  7.55280000 
SQRTH2  1.00000000 
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TOSEA 

120.010000 

T2 

518.700000 

T42 

2034.67000 

T4P2 

2040.06000 

T4PL2 

2015.24000 

T4R22 

2040.06000 

T4U2 

317.494000 

T512 

1494.29000 

T51P2 

1497.47000 

T51PL2 

1480.31000 

T51Q2 

0.99787700 

T51R22 

1497.47000 

T5102 

209.707000 

T542 

984.969000 

TABTR12 

0.64804800 

TAI.PHA2(32) 

999.900000 

299976(16) 

108.000000 

299977(16) 

999.900000 

TAMB 

59.0000000 

TAUBETARl 

0.01000000 

TAUEAFGl 

0.10000000 

TAUEAFG2 

0.10000000 

TAUEAFMl 

0.05000000 

TAUGOVl 

2.00000000 

TAUSPEEDl 

0.10000000 

TC12 

3.00000000 

TDOPGl 

3.79000000 

TDOPG2 

3.19000000 

TDOPMl 

2.10000000 

TDOPPGl 

0.38000000 

TDOPPG2 

0.04000000 

TDOPPMl 

0.03900000 

TDT542(48) 

99999.0000 

299968(36) 

68.3000000 

299969(12) 

99999.0000 

TEGl-0. 18102100 

TEG2- 

-0.11960800 

TEG2IC 

0. 

TEMl 

0.48552300 

TESM2 

4368.10000 

TESM21 

0. 

TGLAG2 

7.20041000 

TBDOT22 

1.14064000 

THET2N 

1.00000000 

THETA2 

1.00000000 

THTA2V 

1.00000000 

T1C2 

55.9891000 

TXC2LL 

13.0000000 

TIC2UL 

113.500000 

TICHD2 

55.9891000 

TXCMD2X 

13.0000000 

TICN2 

0.05593920 

TICN2I 

0. 

TXCRL2XJ.-89 . 0000000 

T1CRL2UL 

22.5000000 

TXCS2 

55.9332000 

TXCS2X 

13.0000000 

TMAP(116) 

950.000000 

299997(96) 

0.92280000 

299998(20) 

950.000000 

TNGl 

0.18034100 

TMMl-O. 49680800 

TMM2-0. 49680800 

TOROl 

0.19478400 

TPlPO 

0.45199400 

TPIPOX 

0. 

TP2PU 

0.45199400 

TP2POX 

0. 

TQOPPGl 

0.19000000 

TQOPPG2 

0.09000000 

TQOPPMl 

0.19300000 

TSEA 

10.0000000 

TSTOP 

150.000000 

TURBOLAGl 

0.42360600 

TtJT4H2 

0.25599600 

TUT51H2 

0.10533900 

TVSOREF 

696.262000 

U1 

0.38249300 

UlD 

0.00397265 

UMAXl 

0.99000000 

UMXNl 

0. 

VDBXC 

0. 

VDBUS 

0.15935100 

VDERR 

0. 

VDGl 

0.14476000 

VDg2 

0.14748700 

VDMl-0. 31321700 

VDRl 

0.18415700 

VERRGl 

0.01474720 

VERRG2 

0.01355870 

VII- 

-0.56824200 

VN2 

7.34400000 

VNSF2 

500.000000 

VQ2 

9.00000000 

VQBXC 

1.00000000 

VQBUS 

0.95886300 

VQERR 

0. 

VQGl 

0.98466900 

VQG2 

0.98546600 

VQMl 

0.49264800 

VQRl 

0.89894100 

VQSF2 

5000.00000 

VRl 

0.58051600 

VR2 

0.50000000 

VRATE2 

0. 

VRSr2 

360.000000 

VSlPUO 

l.OOOOE-05 

VSIPUIO 

0.11040400 

VSIPUIOI 

0. 

VS1PU2 

0.64357200 

VS1PU2X 

0. 

VS1PU3 

0.51629200 

VS1P03I 

0. 

VS1PU4 

0.41418400 

VS1PU4X 

0. 

VS1P05 

0.33227100 

VS1PU5X 

0. 

VS1PU6 

0.26655700 

VS1PU6X 

0. 

VS1PU7 

0.21384000 

VS1PU7I 

0. 

VS1P08 

0.17154900 

VS1PU8X 

0. 

VS1PU9 

0.13762100 

VS1P09X 

0. 

VSIPU 

0.80222900 

VT12 

0.94481100 

VTGl 

0.99525300 

VTG2 

0.99644100 

VTOP2 

0. 

VTREFGl 

1.01000000 

VTREFG2 

1.01000000 

VTRQGS2 

0. 

W42 

58.9811000 

N4R22 

58.9811000 

H542 

65.9670000 

H54R22 

65.96/0000 

HAVE 

12.0000000 

HEFSEA 

1.04720000 

NESEA- 

-0.00125678 

HESEAN6 

0.12000000 

WESHAX 

0.12000000 

WFAC2 

4437.68000 

HFSR22 

3279.88000 

WrUEL2 

3360.16000 

WFUEI.2I 

2185.21000 

HMGlD-0. 06713930 

WMG2 

376.979000 

mmiD- 

■1.64936000 

NO 

377.000000 

NRM20R0 

1.00000000 

WRN20R01C 

1.00000000 

HRNGl 

0.99158600 

HRHG2 

0.99994400 

MRNG2XC 

1.00000000 

HRNMl 

0.72551300 

NRNM2 

0.72551300 

XOCl 

1.68000000 

XDGl 

1.63000000 

XDG2 

1.77000000 

XOMl 

1.76000000 

XDMXQNl 

0.60300000 

XDPGl 

0.25000000 

XOPG2 

0.18000000 

XDPNl 

0.60800000 
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XDPPGl 

0.18000000 

XGl 

0.10000000 

XLl 

0.10000000 

XZJll 

0.33700000 

XQG2 

1.64000000 

XQPPG2 

0.15000000 

Z99887 

0.26599300 

Z99890 

0.26599300 

Z99894 

0.11864600 

Z99897 

0.11858400 

Z99901 

0.95886300 

Z99904 

0.95901600 

Z99908 

0.15933500 

Z99911 

0.15933500 

Z99945 

7.19953000 

Z99950 

0.64804800 

Z99962 

49.6193000 

Z99974 

18 

Z99983 

99 

XDPP62  0.15000000 
XG2  0.10000000 
XLGl  0.07500000 
XMV2  0.41353400 
XOHl  1.15700000 
XQPPMl  0.49400000 
Z99888-1. 16592000 
Z99891  0.26603100 
Z99895-1. 15651000 
Z99898  0.11864500 
Z99902-0. 69422000 
Z99905  0.95879200 
Z99909-0. 95042100 
Z99912  0.15933900 
Z99946  7.20041000 
Z99960  47 

Z99970  21 

Z99975  13.0000000 
Z99984  0.19478400 


XDPPNl  0.54200000 
XK3L2  2.20000000 
XI.G2  0.13000000 
XQGl  1.01000000 
XQPPGl  0.28000000 
XVSOREF  207.220000 
Z99889  0.26602600 
Z99893  1 

Z99896  0.11871800 
Z99900  1 

Z99903  0.95875600 
Z99907  1 

Z99910  0.15935500 
Z99914  1 

Z99949  0.6210610b 
Z99961  40 

Z99971  55.9332000 
Z99982  115 

ZZSBBD  55555555 


180 


IW3, 


Two  Generator  Ship 
°  Steady  State  in  Moderate  Seas 


DELG2 


Two  Generator  Ship 

Steady  State  in  Moderate  Seas 


RjlUliyilll 


VDGl 


Two  Generator  Ship 
°  Steady  State  in  Moderate  Seas 


ISS 


BET 


Two  Generator  Ship 

Sleody  Slate  in  Moderote  Sees 


D  J  Two  Mode  Speed  Control  in  Moderate  Seas 

systan  2at  Staady  stata  in  nodarata  aaas  (spdarfl  ■  0.75) 


T  180.000000 
ZZIERR  P 
ZZ8TFL  T 
ZZRNFL  F 
ZZNAST  0 

MMCT  0.10000000 

Stata  Variablaa 

EDPP61  0.20525400 
EDPP62  0.14911100 
EDPPMl-0. 17283700 
ENPTLl  7.20019000 
EQPGl  1.02884000 
EQPG2  1.04152000 
EQPMl  1.31350000 
EQPPGl  1.01869000 
EOPPG2  1.02238000 
EQPPMl  1.28998000 
IDCl  0.40073400 
HOGl  7847.97000 
NPTl  3600.09000 
TBNMl  40970.7000 
TZCRC.1  61.6146000 
im62  373.630000 
HMMl  258.282000 
Z99915  0.12000000 
Z99917  0.74532100 
Z99919  0.41686300 
Z99924  0.48404500 
Z99926  1.71990000 
Z99933  0.45454600 
Z99935  7848.38000 
Z99937  114.967000 
Z99939-0. 00134410 
Z99941  61.6686000 
Z99944-345. 150000 
Z99948-1. 32032000 
Z99952  991.809000 
Z99954  3600.10000 
Z99956  30.1020000 
799958  29.6517000 
Z99964  1504.69000 
Z99967  2077.06000 
Z99973  0.01920150 
z:9981  0.25330300 
Z99986  1.00001000 
Z99988  1.42467000 
Z99990  1.57249000 


ZZTICG  0. 

ZZHBLK  1 

ZZFRPZ.  F 
ZZ  JEFZi  F 

lALG  1 

MIHT  l.OOOOE-08 

Darivativas 
Z99995-0. 00661310 
Z99992-0. 00447765 
Z99930  0.00222434 
Z99942-8.3446E-05 
Z99994  0.00177130 
Z99991  0.00157604 
Z99929-0. 00192130 
Z99996  0.00174403 
Z99993  0.00102810 
Z99931-0. 00164469 
Z99922-0. 00367904 
Z99965-10. 1730000 
Z99978  0.11062300 
Z99927  258.282000 
Z99959-0. 37452700 
Z99979  0.02981520 
Z99928-9. 36900000 
Z99914  1.8626E>08 
Z99916  0.00115009 
Z99918-0. 00461753 
Z99923-0. 01696650 
Z99925  0.02384190 
Z99932-0. 00268820 
Z99934-10. 2417000 
Z99936-0. 90255700 
Z99938  1.1565E>05 
Z99940-0. 34679800 
Z99943  0.00378426 
Z99947  0.03114100 
Z99951-23. 0062000 
Z99953-0. 00678168 
Z99955-0. 13716900 
Z99957-0. 14032600 
Z99963-0. 47482500 
Z99966-1. 65186000 
Z99972-0. 01566570 
Z99980-0. 00837202 
Z99985  0. 

Z99987  0.02460360 
Z99989  0.00110030 


CIET  0.10000000 
ZZICOH  0 

ZZICFL  F 
ZZHIST  40 

HSTP  10 


Initial  conditions 
EDPPGIIC  0. 

EDPFG21C  0. 

EDPPMIIC  0. 

ENPTLII  7.20000000 
EQPGlIC  1.00000000 
EQP62IC  1.00000000 
EQPMIIC  1.00000000 
EQPPGIIC  1.00000000 
EQPPG2ZC  1.00000000 
EOPPMlZC  1.00000000 
IDCIZC  0. 

HGGII  7193.84000 
NPTII  3600.00000 
TBMHIIC  0. 

TICia.lZ  13.0000000 
imG2lC  377.000000 
NMMlIC  0. 

Z99913  0. 

VSlPDI  0. 

ZDCXIIC  0. 

TJlIC  0.99000000 
EAFNlZC  1.00000000 
ZNVIZ  0.31609000 
IIG6L1Z  7193.84000 
PS3lfClZ  68.0631000 
EHFFBIZ  0. 

ALPHAIZ  40.9791000 
TQXJMSlZ-345. 140000 
TABTRII  0. 

QHAPZ.1Z  0. 

NPTLIZ  3600.00000 
P54ZZ.1I  21.7097000 
P54X.1Z  21.3889000 
T51PL1I  1416.04000 
T4PZ.1Z  1875.14000 
RERRII  0. 

TMECH2ZC  0. 

FtlEL2lC  0. 

EAFG2ZC  1.00000000 
EAFOIZC  1.00000000 
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Algabralc  Varlablas 


mnon  Blcx;k 

/ZZCOMO/ 

AFLl 

0.17869200 

AFRLl 

0.17527800 

ALPBAl 

ALPBAILZ. 

13.0000000 

ALPBAIOL 

120.000000 

ALPHAGl 

ALPHA62 

20.7143000 

ALPHAMl 

18.4545000 

ARLLGIZ 

BASEKNGl 

16200.0000 

BASEKN62 

2500.00000 

BASEKNMl 

BASEN61 

3600.00000 

BASEHG2 

900.000000 

BASEHMl 

BASE^l 

949455.000 

BASEVGl 

4160.00000 

BASEVG2 

BASEVMl 

5000.00000 

BETAZl 

2.20000000 

BETANl 

BETAMINMl 

1.57080000 

BETARl 

1.06553000 

CQLZDl 

CYL2 

8.00000000 

DELAT2 

0.44939600 

DELGl 

DELG2 

0.20836500 

DELZl-0. 31413500 

DELHI- 

DELHI 

0.29093500 

DELTA2 

1.00000000 

DELV 

DELVTQl 

0. 

DEL1fFl-22. 5276000 

DELHFIZ 

DFLl-0. 75799800 

DFRLl-0. 16990200 

DNl 

DNGGl 

7845.95000 

DNPTl 

0.11062300 

DHREFl 

DQ4S1 

5.41969000 

DQHR21-24. 1863000 

DQPTRl 

ORLLGII 

0.31609000 

DRPMDTl- 

-6.2752E-05 

DT4HS1 

DT51BS1 

0.71695700 

DZl 

0.05000000 

EOlZ 

E211-0. 00507713 

E221- 

-0.30462800 

E231- 

E51 

7.91686000 

E61 

0. 

E71 

E81 

0. 

E91 

0.74022600 

EAFERRMl 

EAFGl 

1.57249000 

EAFGID 

0.00110030 

EAFG2 

EAF62D 

0.02460360 

EAFMl 

1.71990000 

EAFMID 

EAFMIMAX 

3.00000000 

EAFMIMZN 

0. 

EAFMAZGl 

EAFMAX62 

3.00000000 

EAFMZHGl 

0. 

EAFMZ1IG2 

EAFSMl 

1.71991000 

EDPPGlD-0 . 0066 13 10 

BDPPG2D- 

EDPPHlD 

0.00222434 

EZl 

0.75219300 

EZSMl 

EHFFBl-0. 00134410 

ENPSATl-1 . 1638E-04 

EHGGl' 

ENPTl 

7.20019000 

EHPTIZ 

7.20000000 

EPMl 

EQPGlD 

0.00177130 

EQPG2D 

0.00157604 

EQPMID- 

EQPPGlD 

0.00174403 

EQPPG20 

0.00102810 

EQPPNID- 

ERl 

0.92450600 

ERRBOOHD 

l.OOOOE-04 

ERXl- 

FARGO 

0 

PARGl 

1 

FARG2 

FARG3 

3 

FAHGSO 

0 

FARGSl 

FARGS2 

2 

FARGS3 

3 

FUEL2 

FUEL2HAX 

1.00000000 

FUEL2NZN 

0. 

FUELAG2 

Gll 

0.22000000 

G31 

0.50000000 

G51 

GBETARl 

30.0000000 

GEAFGl 

100.000000 

GEAFG2 

GEAFMl 

100.000000 

GLARGEl 

50.0000000 

<3(1 

GSMALLl 

5.00000000 

GSPEEDl 

5.00000000 

BGl 

BG2 

1.91000000 

HBPS 

0.51678100 

HMl 

BPl 

5229.24000 

BPIB 

25000.0000 

HPID 

HPIZ 

0. 

BPIORO 

0. 

BPIORDZ 

BPTIORD 

5229.24000 

ZAJX<Bfl 

0.51124700 

ZAMl 

ICLIMl 

70.0000000 

ZCNTRLl 

0.01920150 

ZCNTRLIZ 

IDIGR 

1.00000000 

ZDBNl 

0. 

ZDCID- 

ZDCBG2 

0.49866500 

ZDC<B11 

0.41686300 

ZDCRl 

IDCRlD-0. 00461753 

ZDCRIDMAX 

5.00000000 

ZDCRlDMZH- 

IDCRIMAX 

0.80000000 

ZDCRIMZH 

0. 

ZDGl 

ZOGIIC 

0. 

ZDGlNl 

0.43871900 

ZDG2 

ZDG2ERR 

0. 

ZDG2ZC 

0. 

ZDG2M1 

ZDZl 

0.35725200 

ZOL2 

0.16406800 

ZDMl 

ZDMIZC 

0. 

ZDRl 

0.38665800 

ZDXNl 

61.6686000 

54.0000000 

0.31609000 

14914.0000 

150.000000 

450.000000 

2.20000000 

2.8143E-05 

0.22915800 

■0.26819800 

l.OOOOE-04 

0. 

0.11062300 

180.000000 

7996.48000 

1.20182000 

0. 

-0.10154300 

0.14398800 

1.1921E-05 

1.42467000 

0.02384190 

3.00000000 

0. 

0.00447765 

1.00000000 

1.1638E-04 

1.50449000 

0.00192130 

0.00164469 

1.1638E-04 

2 

1 

0.30261300 

0.05044990 

0.50000000 

100.000000 

1.50000000 

0.92400000 

1.28978000 

5229.24000 

0. 

0.44187300 

0. 

0.00367904 

0.41686300 

5.00000000 

0.33603800 

0.26773500 

0.49866500 

0.35725200 

0.21542300 
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lERRl  0.01612920 
IITIDl  580.484000 
igGl  0.13735500 
IQG2  0.20309600 
IQ62M1  0.37827200 
I<911-0. 26004300 
JJ6  16505.0000 
JJPTl  2171.50000 
KOIRES  0.20233900 
K04RES-0 .23175100 
K07RES-23 . 5963000 
KlOlUSS-15. 1637000 
KCll  0.50000000 
KGOV2  0.20000000 
KIGINI  1.30556000 
KKWGIMI  1.08623000 
KQBP  5252.10000 
KSHTDNl  0 

KVGlMl  0.83200000 
K2G1M1  0.63727300 
X.CBG2  T 
LHEADR  F 
I.PHRD1  F 
MJOCZT  10.0000000 
MFKMVl  23.0000000 
2091.30000 
Nil  3600.00000 
NGB  3600.00000 
NMAX2  950.000000 
MPIPUI  5.3832E-06 
NP2Pa  0.71010000 
NP2RPM  102.765000 
HPTIB  3600.00000 
NPTIR  3600.00000 
NPTQl  158.072000 
NPTRII  3600.00000 
PI  0.16000000 
P541  29.6497000 
P54ZJ[.l  30.1020000 
P54R21  29.6427000 
PCNTRLl-0. 046997 10 
PHXPMl  2.20000000 
PNGGRl  79.8613000 
PS31I  68.0631000 
PS3WC1  114.967000 
Q1  0.12000000 
QCALl  5462.42000 
QRl-18. 7666000 
QMAPl  991.119000 
QPl  566062.000 
QPlI-0. 23332300 
QP2  566062.000 
QP2I-0. 23332300 
QPBASE  1.2391E4-06 
QPTIB  36473.0000 


lERRlIC  0. 

IQBMl  0. 

ZQGlIC  0. 

XQG2ERR  0. 

XQXl-O. 26004300 
XQNlZC  0. 

JJPROP  1.3130E+06 
JJSBFT  166000.000 
K02RES-0. 05737380 
K05RES  8.65721000 
K08RES  15.9458000 
KALARMl  0 

KDFRQ  1.57080000 
KHOZ.DPX1  1.00000000 
KXG2N1  1.86253000 
KXNG2H1  0.16762800 
KRRTl  0.16000000 
RTBLl  0 

KVG2N1  0.09000000 
KZG2M1  0.04832140 
LDOPLR  F 
LHOXDlPX  F 
LSEA  T 
KFKACl  0.58200000 
NFXNl  4.6080B-08 
13659.6000 
N2  891.974000 
NGGlB  9827.00000 
NMXN2  400.000000 
NPIRPN  102.765000 
NP2POX  5.3832B-06 
NPRPKB  144.719000 
NPTIORD  3600.00000 
NPTlRX  3600.00000 
NPTQlX  158.068000 
NREFl  3672.00000 
P2  14.6960000 
P541X  21.3889000 
P54Q1  2.04831000 
P54R21X  21.3889000 
PCNTRLlX  0. 

PHXSNl  0.20000000 
PNGGRlX  73.2049000 
PS3R21  114.931000 
PNROl  20.9170000 
Q41  9340.74000 
QCALlX  0. 

QLXDl  364.749000 
GKAPlX  0. 

QPIF  9341.38000 
QPlPU  0.45684400 
^  QP2F  9341.38000 
QP2PU  0.45684400 
QPSBAF  92466.4000 
QPTlX  364.730000 


XGGl  566.778000 
XQCBG2  0.37827200 
XQGlNl  0.17932500 
XQG2XC  0. 

XQL2  0.12982400 
XQRl  0.21388600 
JJPS  1.4790E+06 
KOORES  0. 

K03RES  0.96980600 
K06RES-5 . 19908000 
K09RES  20.3595000 
KBRAKE  1.00000000 
XGC  32.1740000 
KX  307.240000 
KXR  2.00000000 
KPNGGl  0.01017600 
KRATEl  10.0000000 
KT0RBO2  0.50000000 
KVSBXP  0.00754970 
LBRAXE  F 
LFNDl  T 
UIGGIA  F 
Z.T541A  F 
MFKFRl  0.17259000 
NFWl  159.400000 
HI  3600.09000 
NERRl-0. 09399410 
NGffl[.l  7848.38000 
NPIPU  0.71010000 
NPIRPNX  7.7905E-04 
NP2RMPX  7.7905E-04 
NPRPSB  2.41200000 
NPTIORDX  3600.00000 
NPTLl  3600.10000 
NPTRl  3600.09000 
NSET2  900.000000 
P2T21  5.50753000 
P54L1  29.6517000 
P5401X  1.47725000 
PAMB  14.6960000 
PCTXDl  0.01000000 
PNGGl  79.8613000 
PS31  114.931000 
PS3R21X  68.0631000 
PNRDIX  0. 

Q4R21  9340.74000 
QGB  36520.0000 
QLXDIX  364.730000 
QMAPLl  991.809000 
QPIFX  92443.6000 
QP1PUX-1.8831E-07 
QP2FX  92443.6000 
QP2PUX-1 . 8831E-07 
QPTl  8000.30000 
QPTIPU  0.21906600 
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QREFl  45000.0000 
RSlPOl-1. 93377000 
RSIPU  0.69726700 
RS1PUI2  0. 

SEAFRQ  1.04720000 
SPOERRlIC  0. 

SPEEDEPRl  0.06490250 
TOSEA  150.009000 
T4P1  2071.32000 
T4U1-82. 5601000 
T51PL1  1504.69000 
T51U1-55. 0832000 
XI.PHX1  ( 32 )  999.900000 
TAMB  59.0000000 
TAUEMrG2  0.10000000 
TAUGOV2  2.00000000 
TCll  3.00000000 
TDOPMl  2.10000000 
TOOPPMl  0.03900000 
299969(12)  99999.0000 
TEG2-0. 25300100 
TESMIZ  0. 

THET2N  1.00000000 
TBTA2V  1.00000000 
TICIOL  113.500000 
TICNl-0. 02779560 
TICRLIUL  22,5000000 
TMAP(116)  950.000000 
TMG2  0.25330300 
TORQ2  0.24954100 
TP2PU  0.42480100 
TQOPPG2  0.19000000 
TSTOP  180.000000 
Ttrr51Hl  0.11889900 
UID'O. 01696650 
VDBIC  0. 

VDERR  0. 

VDIl-0. 23242300 
VERRGl  0.01572600 
VNl  7.34400000 
VQBIC  1.00000000 
VQERR  0. 

VQIl  0.71538400 
VQSFl  5000.00000 
VRSFl  360.000000 
VSIPUIOZ  0. 

VS1PU3  0.41545000 
VS1PU4I  0. 

VS1PU6  0.17259900 
VS1P07I  0. 

VS1PU9  0.07170620 
VT12  0.91380900 
VTMl  0.77895700 
VTREFG2  1.01000000 
W4R21  68.6958000 


RDCl  0.02000000 
RS1P02  0.29911900 
RSlPDIO  0. 

RS1POI3  0. 

SEATZME  29.9909000 
SPDBRR2  8.02618000 
SQRTH2  1.00000000 
T2  518.700000 
T4PZ>1  2077.06000 
T511  1501.41000 
TSlQl  1.00048000 
T541  989.915000 
299976(16)  108.000000 
TAUBETARl  0.01000000 
TAUEAFMl  0.05000000 
TAUSLOHl  20.0000000 
TDOPGl  3.19000000 
TDOPPGl  0.04000000 
TDT541(48)  99999.0000 
TEGl-0. 20889400 
TEMl  0.39273800 
TGLAGl  7.20001000 
THETA2  1.00000000 
TICl  61.5772000 
TICMDl  61.5772000 
TICHlI  0. 

TICSl  61.6050000 
299997(96)  0.92280000 
TKMl-0. 45684400 
TPIPU  0.42480100 
TP2PUI  0. 

TQOPPNl  0,19300000 
TURBOIAG2  0.39894600 
TVSOREF  696.262000 
UMAXl  0.99000000 
VDBUS  0.24380400 
VDGl  0.22585700 
VDMl-0. 20641900 
VERBG2  0.01427130 
VNSFl  500.000000 
VQBUS  0.92432100 
VQGl  0.96828200 
VQMl  0.75110900 
VRl  0.74016300 
VSIPUO  l.OOOOE-05 
VS1PU2  0.55677400 
VS1P03I  0. 

VS1PU5  0.23131200 
VS1P06I  0. 

VS1PU8  0.09609860 
VS1PU9I  0. 

VTGl  0.99427400 
VTOPl  0. 

VTRQGSl  0. 

H541  76.8291000 


RSIPOO  2.18094000 
RS1P03  0.15098000 
RSlPUIl  0. 

RSIPOI  0. 

SNE6VL1  0. 

SPDREFl  0.75000000 
SWITCBVARl  0.09821500 
T41  2072.52000 
T4R21  2071.32000 
T51P1  1500.69000 
T51R21  1500.69000 
TABTRll  1.08314000 
299977(16)  999.900000 
TAUEAF61  0.10000000 
TAUFASTl  0.10000000 
TAUSPEEDl  20.0000000 
TDOPG2  3.79000000 
TDOPPG2  0.38000000 
299968(36)  68.3000000 
TBGlXC  0. 

TESMl  7628.82000 
THDOT21-0. 336751 00 
THRESHOU)!  0.10000000 
TICILL  13.0000000 
TZCMDII  13.0000000 
TZCRLlZJi-89 .0000000 
TZCSIX  13.0000000 
299998(20)  950.000000 
TMM2-0. 45684400 
TPIPUZ  0. 

TQOPP61  0.09000000 
TSEA  10.0000000 
■1^481  0.28745200 
U1  0.48404500 
UMXNl  0. 

VDCBG2  0.24380400 
VDG2  0.20597700 
VDRl  0.26519300 
VZl-0. 73216500 
VQl  9.00000000 
VQCBG2  0.92432100 
VQG2  0.97419100 
VQRl  0.88565500 
VRATEl  0. 

VSIPUIO  0.05350520 
VS1PU2Z  0. 

VS1PU4  0.30999800 
VS1P05Z  0. 

VS1P07  0.12878900 
VS1PU8Z  0. 

VSlPO  0.74617300 
VTG2  0.99572900 
VTREFGl  1.01000000 
W41  68.6958000 
H54R21  76.8291000 
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HAVE 

12.0000000 

HEFSEA 

HESEAHG 

0.12000000 

HESNAX 

H7SR21 

3935.28000 

HFUELl 

WHGl 

377.010000 

HMG2D 

HO 

377.000000 

HRNIORD 

HRNGl 

1.00003000 

HRMGIIC 

HRNMl 

0.68509700 

HRMM2 

X061 

1.77000000 

XDG2 

XDMXQNl 

0.60300000 

XDPGl 

XDPMl 

0.60800000 

XDPPGl 

XDPPHl 

0.54200000 

XGl 

XK3L1 

2.20000000 

XLl 

XI.G2 

0.07500000 

XLMl 

XKVl 

0.45320200 

XQGl 

XQMl 

1.15700000 

XQPPGl 

XQPPNl 

0.49400000 

XVSOREF 

Z99886- 

-0.95693800 

Z99887 

Z99889 

0.49870700 

Z99891 

Z99893- 

-1.50512000 

Z99894 

Z99896 

0.37827100 

Z99898 

Z99900- 

-1.14700000 

Z99901 

Z99903 

0.92441000 

Z99905 

Z99907-0. 85880200 

Z99908 

Z99910 

0.24378900 

Z99912 

Z99921 

0.09821500 

Z9994S 

Z99949 

1.09248000 

Z99950 

Z99961 

40 

Z99962 

Z99971 

61.6050000 

Z99974 

Z99982 

115 

Z99983 

ZZSEED 

55555555 

1.04720000 

HESEA-0. 00114269 

0.12000000 

HFACl 

5318.92000 

3912.75000 

WFUELII 

2185.21000 

0.02981520 

mmiD- 

•9.36900000 

1.00000000 

HRNIORDXC 

1.00000000 

1.00000000 

HRNG2 

0.99106000 

0.68509700 

XDCl 

1.68000000 

1.63000000 

XDNl 

1.76000000 

0.18000000 

XDPG2 

0.25000000 

0.15000000 

XOPPG2 

0.18000000 

0.10000000 

XG2 

0.10000000 

0.10000000 

XLGl 

0.13000000 

0.33700000 

XNl 

0.10000000 

1.64000000 

XQG2 

1.01000000 

0.15000000 

XQPPG2 

0.28000000 

207.220000 

Z93885 

0.49851500 

0.49866900 

Z99888 

0.49861500 

1 

Z99892 

0.37827200 

0.37824500 

Z99895 

0.37828900 

1 

Z99899 

0.92432100 

0.92426400 

Z99902 

0.92437000 

1 

Z99906 

0.24380400 

0.24377200 

Z99909 

0.24384300 

1 

Z99920 

0.09821500 

7.20019000 

Z99946 

7.20001000 

1.08314000 

Z99960 

47 

51.7956000 

Z99970 

22 

18 

Z99975 

13.0000000 

100 

Z99984 

0.24954100 
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D.4  Speed  Change  from  0.4  to  0.8  pu  in  Moderate  Seas 

Two  node  control:  Steady  at  0.8  pu  speed  setting 


T  300.000000 
ZZIERR  F 
ZZSTFL  T 
ZZKNFL  F 
ZZNAST  0 

MAXT  0.10000000 

State  Variables 

EDPPGl  0.15365800 
EDPPG2  0.19660600 
EDPPMl-0. 23521400 
EIIPTL2  6.99170000 
EQP61  1.08258000 
EQPG2  1.03287000 
EQPMl  0.99515600 
EOPP61  1.05074000 
EQPP62  1.02243000 
EQPPMl  0.96294500 
IDCl  0.54774900 
NGG2  8216.29000 
MPT2  3529.24000 
THHMl  57118.8000 
TICRL2  87.8896000 
WNGl  373.443000 
NMNl  250.926000 
Z99915  0.10000000 
Z99917  0.76386400 
Z99919  0.55967800 
Z99924  0.35788100 
Z99926  1.55712000 
Z99933  0.57391300 
Z99935  8198.32000 
Z99937  162.229000 
Z99939  0.06713800 
Z99941  75.9345000 
Z99944-335. 043000 
Z99948-2. 73680000 
Z99952  2743.50000 
Z99954  3502.90000 
Z99956  39.0481000 
Z99958  38.7879000 
Z99964  1543.17000 
Z99967  2136.85000 
Z99973-4. 04560000 
Z99981  0.29941200 
Z99986  1.00001000 
Z99988  1.58731000 
Z99990  1.71432000 


ZZTICG  0. 

ZZNBLK  1 

ZZFRFL  F 
ZZJEFI.  F 
lALG  1 

MINT  l.OOOOE-08 

Derivatives 
Z99995-4.0719E-04 
299992-3. 7814E-05 
Z99930-0. 00230476 
Z99942  0.35232300 
Z99994  0.00108399 
Z99991  3.2363E-04 
Z99929-1.2311E-04 
Z99996  9.7317E-04 
Z99993  3.8960E-04 
Z99931-4.6449E-04 
Z99922  0.00570955 
Z99965  382.732000 
Z99978  201.170000 
Z99927  250.926000 
Z99959  22.5000000 
Z99979-0. 01753260 
Z99928-2. 01182000 
Z99914  0. 

Z99916  0.00223154 
Z99918  0.00561967 
Z99923-0. 00278652 
Z99925  0.03337860 
Z99932  0.13427600 
Z99934  449.145000 
Z99936  22.8199000 
Z99938-0. 28698200 
Z99940-1. 73049000 
Z99943>16. 7590000 
Z99947-2. 96528000 
Z99951  1907.28000 
Z99953  182.916000 
Z99955  8.04158000 
Z99957  4.29971000 
Z99963  39.1185000 
Z99966  132.485000 
Z99972  11.7939000 
Z99980  0.00123416 
Z99985  0. 
Z99987-0. 01324530 
Z99989  0.00866652 


CINT  0.10000000 
ZZICOM  0 

ZZICFL  F 
ZZNIST  40 

MSTP  10 


Initial  conditions 
EDPP61IC  0. 

EDPPG2IC  0. 

EDPPMIIC  0. 

EMPTL2I  7.20000000 
EQPGIIC  1.00000000 
EQPG2IC  1.00000000 
EQPMIIC  1.00000000 
EQPPGIIC  1.00000000 
EQPPG2IC  1.00000000 
EQPPMIIC  1.00000000 
IDClIC  0. 

NGG2I  7193.84000 
NPT2I  3600.00000 
TBMMIIC  0. 

TICHL2I  13.0000000 
NMGIIC  377.000000 
NMMIIC  0. 

Z99913  0. 

VSIPUI  0. 

IDCRIIC  0. 

UlIC  0.99000000 
EAFMIIC  1.00000000 
XNV2I  0.31609000 
N6^2I  7193.84000 
PS3WC2I  68.0631000 
EMFFB2I  0. 

AZ.PHA2I  40.9791000 
TGLA62I-345 . 140000 
TABTR2I  0. 

QMAPL2I  0. 

NPTL2I  3600.00000 
P54LL2I  21.7097000 
P54L2I  21.3889000 
T51PL2I  1416.04000 
T4PI.2I  1875.14000 
MERR2I  0. 

TNECHIIC  0. 

FUELIIC  0. 

EAFG2IC  1.00000000 
EAFGIIC  1.00000000 
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Algebraic  Variablas 


■non  Block  /ZZCMfD/ 

AFL2  0.04393850 
ALPHA2LL  13.0000000 
ALPHJU32  54.0000000 
BASBKN61  2500.00000 
BASBMGl  900.000000 
BASBfBfl  949455.000 
BASEVMl  5000.00000 
CQLID2  2.8143B-05 
DEL61  0.21576700 
DELRl  0.28582900 
DELVTQ2  0. 

DFX.2-0. 89275100 
DHG62  8295.80000 
DQ4S2-438. 265000 
DRIJA2I  0.31609000 
DT51HS2-46 . 5702000 
B212  1.12458000 
E52  5.08843000 
E82  0. 

EAFGl  1.71432000 
EAFG2D-0. 01324530 
EAFMIHAX  4.00000000 
EAFMAX62  3.00000000 
EATSMl  1.55714000 
EOPPMlD-0 . 00230476 
ENFFB2  0.06713800 
ENPT2  7.00579000 
EQP61D  0.00108399 
EQPPGID  9.7317E-04 
ERl  0.90525800 
FARGO  0 

FAR63  3 

FAR6S2  2 

FUELIKMC  1.00000000 
612  0.22000000 
6BETAR1  30.0000000 
6EAFM1  100.000000 
GSPEEDl  5.00000000 
HEPS  0.51678100 
BP2B  25000.0000 
HP20IU>  0. 

ZAJXQMl  0.58726000 
IC1ITBL2I  0. 

IDCRl  0.55967800 
IDCRlDMIN-10 . 0000000 
IDGl  0.44952600 
ID62  0.34753600 
ID62M1  0.45373000 
ZDMIZC  0. 

IDXMl  0.30086700 
ZGG2  566.778000 
IQ61IC  0. 


AFRL2  0.C3831400 
AX.PHA2IIL  120.000000 
ALPBAMl  18.4545000 
BASE1CW62  16200.0000 
BASENG2  3600.00000 
BASEVGl  450.000000 
BETAll  2.20000000 
CTZ.1  8.00000000 
DELG2  0.21943000 
DBZ.TA2  1.00000000 
DELWF2  1265.03000 
DFRL2-0. 30686600 
D1IPT2  201.170000 
DQBR22  1144.31000 
DRPMDT2  0.26494700 
DZl  0.05000000 
E222  2.20000000 
B62-0. 44946800 
B92  0.23505300 
EAFGIO  0.00866652 
EAFMl  1.55712000 
EAFMIMIN  0. 

EAFMINGI  0. 
EDPPGlO-4 . 0719E-04 
Ell  0.53922700 
EMFSAT2-0. 00663938 
ENPT2I  7.20000000 
EQP62D  3.2363E-04 
EQPP62D  3.8960E-04 
EBRBOUND  l.OOOOE-04 
FAR61  1 

FARGSO  0 

FAR6S3  3 

FUEX.1NIN  0. 

G32  0.50000000 
GEAFGl  100.000000 
GUUtGEl  50.0000000 
BGl  1.91000000 
BMl  1.28978000 
HP2D  4987.44000 
HP20RDI  0. 

ICLZN2  70.0000000 
ID26R  1.00000000 
IDCRID  0.00561967 
IDCRIMAE  1.00000000 
ID61IC  0. 

ID62ERR  0. 

IDL2  0.16303200 
IDRl  0.56397700 
lERRl  0.01192840 
1ITID2  580.484000 
IQGlMl  0.39184600 


AI.PHA2  75.9345000 
AliPHAGl  20.7143000 
ARLZ.G2Z  0.31609000 
BASEKIIMl  14914.0000 
BASENMl  150.000000 
BASEVG2  4160.00000 
BETARl  1.20480000 
DELATl  0.43526500 
DELIl-0. 53177800 
DELV  l.OOOOE-04 
DELWF2I  0. 

DN2  201.170000 
DMREF2  180.000000 
DQPTR2  20521.3000 
DT4BS2-75. 8623000 
E02I  0. 

E232  0.05500000 
E72-0. 44946800 
EAFERRMl  1.6689E-05 
BAFG2  1.58731000 
EAFMID  0.03337860 
EAFMAXGl  3.00000000 
EAFMI1IG2  0. 
EDPPG2D-3 .7814E-05 
EISMl  1.00000000 
E1IGG2-0. 00663938 
EPMl  1.25627000 
EQPMlD-1.2311E->04 
8QPPM1D-4 .6449E-04 
ERX2-0. 00663938 
FARG2  2 

FAR6S1  1 

FUEZ.1  0.34729300 
FUELA61  0.05047520 
652  0.50000000 
6EAF62  100.000000 
6SNBLL1  5.00000000 
HG2  0.92400000 
HP2  4987.44000 
HP2I  0. 

BPT20RD  4987.44000 
IC11TRZ.2 -4 . 04560000 
ZDCID  0.00570955 
ZDCRIDMAX  10.0000000 
ZDCRINZN  0. 

ZD61M1  0.83725600 
ZD62ZC  0. 

ZDMl  0.48831600 
ZDSNl  0.49895000 
ZERRIZC  0. 

ZQ61  0.21038400 
ZQ62  0.13194800 
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IQ62ERR 

0. 

IQG2IC 

0. 

ZQG2N1 

0.17226600 

ZQI.2 

0.13180700 

IQMl -0.35544300 

IQMIIC 

0. 

ZQRl 

0.21615300 

JJG 

16505.  Ov'OO 

JJPROP 

1.3130E+06 

JJPS 

1.4790E-f06 

JJPT2 

2171.50000 

JJSHFT 

166000.000 

KOORES 

0. 

KOIRES 

0.20233900 

K02RES-0 . 05737380 

K03RES 

0.96980600 

K04RES-0. 23175100 

K05RES 

8.65721000 

K06RES- 

-5.19908000 

K07RES- 

-23.5963000 

K08RES 

15.9458000 

K09RES 

20.3595000 

KIORES- 

-15.1637000 

KALARM2 

0 

KC12 

0.50000000 

KOFRQ 

1.57080000 

XGC 

32.1740000 

KGOVl 

0.20000000 

KHOLOPI2 

1.00000000 

KZ 

307.240000 

KIGlMl 

1.86253000 

KIG2M1 

1.30556000 

KZR 

2.00000000 

KKWGlMl 

0.16762800 

KKHG2M1 

1.08623000 

KPHGG2 

0.01017600 

KQHP 

5252.10000 

KRAT2 

0.16000000 

KRATE2 

10.0000000 

KSHTDN2 

0 

KTBL2 

0 

KTURBOl 

0.50000000 

KVGIMI 

0.09000000 

KVG2M1 

0.83200000 

KVSHZP 

0.00754970 

KZGlNl 

0.04832140 

KZG2M1 

0.63727300 

IDOVLR 

F 

LFWDl 

T 

LHEADR 

F 

Z.HOL02PZ 

F 

I.HGG2A 

F 

LFHR02 

F 

LSEA 

T 

LT542A 

F 

MAXIT 

10.0000000 

MFKAC2 

0.58200000 

MPKFR2 

0.17259000 

MFKMV2 

23.0000000 

MFKN2 

4.6080E-08 

MFH2 

159.400000 

2091.30000 

13659.6000 

HI 

891.527000 

N2 

3529.24000 

N2Z 

3600.00000 

NERR2 

70.7634000 

NGB 

3600.00000 

NGG2B 

9827.00000 

NGGL2 

8198.32000 

NMAXl 

950.000000 

MMZNl 

400.000000 

NPlPU 

0.68987600 

NPIPUZ 

5.3832B-06 

NPIRPM 

99.8379000 

NPIRPMI 

7.7905E-04 

NP2PU 

0.68987600 

NP2PUZ 

5.3832B-06 

HP2RMPI 

7.7905E-04 

HP2RPM 

99.8379000 

HPRPMB 

144.719000 

NPRPSB 

2.41200000 

MPT2B 

3600.00000 

HPT20RD 

3600.00000 

H 

§ 

3600.00000 

NPT2R 

3600.00000 

HPT2RZ 

3600.00000 

HPTL2 

3502.90000 

NPTQ2 

153.805000 

HPTQ2Z 

158.068000 

HPTR2 

3529.24000 

NPTR2I 

3600.00000 

NREF2 

3672.00000 

NSETl 

900.000000 

PI 

0.16000000 

P2 

14.6960000 

P2T22 

5.50753000 

P542 

38.8481000 

P542Z 

21.3889000 

P54L2 

38.7879000 

P54U.2 

39.0481000 

P54Q2 

2.65705000 

P54Q2I 

1.47725000 

P54R22 

39.3498000 

P54R22Z 

21.3889000 

PANE 

14.6960000 

PCHTRL2 

35.3817000 

PCHTRL2Z 

0. 

PCTID2 

0.01000000 

PHZMl 

0.40981400 

PBZSMl 

0.20000000 

PNGG2 

83.6093000 

PNGGR2 

83.6093000 

PNGGR2Z 

73.2049000 

PS32 

163.142000 

PS32Z 

68.0631000 

PS3R22 

163.142000 

PS3R22Z 

68.0631000 

PS3HC2 

162.229000 

P1fRD2 

19.9498000 

PHRD2I 

0. 

Q1 

0.12000000 

Q42 

14734.0000 

Q4R22 

14734.0000 

QCAL2 

15109.9000 

QCAL2Z 

0. 

QGB 

36520.0000 

QH2 

706.041000 

QLZD2 

350.532000 

QLID2I 

364.730000 

QMAP2 

2800.72000 

QMAP2Z 

0. 

QMAPL2 

2743.50000 

OPl 

573151.000 

QPIF 

9070.12000 

QPIFZ 

92443.6000 

QPlI-0. 23332300 

QPIPU 

0.46256500 

QP1PUI-1.8831E-07 

QP2 

573151.000 

QP2F 

9070.12000 

QP2FI 

92443.6000 

QP2I-0. 23332300 

QP2PU 

0.46256500 

QP2PUZ- 

-1.8831B-07 

QPBASE 

1.2391E+06 

QPSBAF 

92466.4000 

QPT2 

20001.4000 

QPT2B 

36473.0000 

QPT2Z 

364.730000 

OPT2PU 

0.54768400 

QREF2 

45000.0000 

RDCl 

0.02000000 

RSIPUO 

1.27270000 

RSlPUl-1. 06190000 

RS1PU2 

0.24612500 

RS1PU3 

0.14109200 

RSIPU 

0.59801000 

RSIPUZO 

0. 

RSIPUZI 

0. 

RS1PUX2 

0. 

RS1PUZ3 

0. 

RSIPUI 

0. 

SEAFRQ 

1.04720000 

SEATZNE 

259.990000 
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SNE<;VL2-0 . 22473400 

SPDERRl 

8.47296000 

SPDERRl ZC 

0. 

SPDREFl 

0.80000000 

SPEEDERRl 

0.13441400 

SQRTH2 

1.00000000 

SNITCHVARl 

0.08485850 

TOSEA 

40.0100000 

T2 

518.700000 

T42 

2474.55000 

T4P2 

2550.41000 

T4PL2 

2136.85000 

T4R22 

2550.41000 

T4U2 

6621.59000 

T512 

1791.63000 

T51P2 

1838.20000 

T51PL2 

1543.17000 

T51Q2 

0.97466500 

T51R22 

1838.20000 

T51U2 

4538.03000 

T542 

1276.47000 

TABTR12 

3.91157000 

TALPHA2(32) 

999.900000 

299976(16) 

108.000000 

299977(16) 

999.900000 

TAMB 

59.0000000 

TAUBETARl 

0.01000000 

TAUEAF61 

0.10000000 

TAUEAFG2 

0.10000000 

TAUEAFMl 

0.05000000 

TAUFASTl 

0.10000000 

TAUGOVl 

2.00000000 

TAUSLOHl 

20.0000000 

TAUSPEEDl 

20.0000000 

TC12 

3.00000000 

TDOPGl 

3.79000000 

TDOP62 

3.19000000 

TDOPMl 

2.10000000 

TDOPPGl 

0.38000000 

TDOPPG2 

0.04000000 

TDOPPMl 

0.03900000 

TDT542(48) 

99999.0000 

Z99968(36) 

68.3000000 

299969(12) 

99999.0000 

TEGl-0. 29958900 

TEG2-0. 20323500 

TEG2ZC 

0. 

TEMl 

0.44879900 

TESN2 

7422.15000 

TESM2Z 

0. 

TGLAG2 

7.79347000 

THDOT22-1. 68035000 

THET2M 

1.00000000 

THETA2 

1.00000000 

THRESHOLD 1 

0.10000000 

THTA2V 

1.00000000 

TZC2 

92.4025000 

TIC2LL 

13.0000000 

TZC20L 

113.500000 

TZCMD2 

92.4025000 

TICMD2Z 

13.0000000 

TZCN2 

31.3361000 

TZCM2Z 

0. 

TICRL2LL- 

-89.0000000 

TZCRL2UL 

22.5000000 

TZCS2 

61.0665000 

TZCS2Z 

13.0000000 

TMAP(116) 

950.000000 

299997(96) 

0.92280000 

299998(20) 

950.000000 

TMGl 

0.29941200 

THMl-0. 46256500 

TMN2-0. 46256500 

TORQl 

0.29994900 

TPIPU 

0.44679500 

TPIPUI 

0. 

TP2PU 

0.44679500 

TP2PUZ 

0. 

TQOPPGl 

0.19000000 

TOOPPG2 

0.09000000 

TQOPPMl 

0.19300000 

TSEA 

6.00000000 

TSTOP 

300.000000 

TDRBOLAGl 

0.38478900 

TOT4H2 

0.32034900 

TaT5lH2 

0.13259400 

TVSOREF 

696.262000 

U1 

0.35788100 

UlD-0. 00278652 

OMAXl 

0.99000000 

UMINl 

0. 

VDBZC 

0. 

VDBUS 

0.23362500 

VDERR 

0. 

VDGl 

0.21256500 

VDG2 

0.21639800 

VDNl-0. 27342400 

VDRl 

0.25524000 

VERRGl 

0.01715190 

VERRG2 

0.01585990 

VZl-0. 52486900 

VN2 

7.34400000 

VNSF2 

500.000000 

VQ2 

9.00000000 

VQBZC 

1.00000000 

VQBUS 

C. 92492800 

VQERR 

0. 

VQGl 

0.96982600 

VQG2 

0.97030200 

VQMl 

0.46476400 

VQRl 

0.86853000 

VQSF2 

5000.00000 

VRl 

0.53585000 

VR2 

0.50000000 

VRATE2 

0. 

VRSF2 

360.000000 

VSlPUO 

l.OOOOE-05 

VSIPUIO 

0.02717780 

VSIPOIOZ 

0. 

VS1PU2 

0.48623100 

VS1PU2I 

0. 

VS1PU3 

0.33905000 

VS1PD3Z 

0. 

VS1P04 

0.23642100 

VS1PU4Z 

0. 

VS1PU5 

0.16485700 

VS1PU5I 

0. 

VS1PU6 

0.11495500 

VS1PU6Z 

0. 

VS1PU7 

0.08015860 

VS1P07Z 

0. 

VS1PU8 

0.05589480 

VS1PU8I 

0. 

VS1PU9 

0.03897560 

VS1PU9Z 

0. 

VS  IPO 

0.69730300 

VT12 

0.91007200 

VTGl 

0.99284800 

VTG2 

0.99414000 

VTOP2 -0.22473400 

VTREFGl 

1.01000000 

VTREFG2 

1.01000000 

VTRQGS2 

0. 

H42 

87.2843000 

W4R22 

87.2843000 

H542 

97.4449000 

H54R22 

97.4449000 

HAVE 

4.00000000 

HEFSEA 

1.04720000 

HESEA 

0.08713720 

HESEAHG 

0.10000000 

HESKAX 

0.10000000 

HFAC2 

7671.22000 

NFSR22 

5848.37000 

HFUEL2 

7113.40000 

HFUEL2Z 

2185.21000 

HNGID- 

-0.01753260 

HMG2 

369.589000 

HMNlD-2. 01182000 

HO 

377.000000 

HRM20RD 

1.00000000 

HRM20RDZC 

1.00000000 

HRNGl 

0.99056400 

HRNG2 

0.98034400 

HRNG2ZC 

1.00000000 
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NRMMl  0.6655^o00 
XDGl  l.C.^  >00000 
XDMXQMl  ^  S0300000 
XDPMl  0.60800000 
XDPPMl  0.54200000 
XK3L2  2.20000000 
XX.G2  0.13000000 
XQGl  1.01000000 
XQPPGl  0.28000000 
XVSOREF  207.220000 
Z99887  0.45370200 
Z99891  1 

Z99894  0.17225600 
Z99898  1 

Z99901  0.92492800 
Z99905  1 

Z99908  0.23359000 
Z99912  1 

Z99945  7.00579000 
Z99950  3.91157000 
Z99962  55.4529000 
Z99974  18 

Z99983  100 


inUIM2 

0.66558600 

XIXS2 

1.77000000 

XDPGl 

0.25000000 

XDPPGl 

0.18000000 

XGl 

0.10000000 

XZ.1 

0.10000000 

XLMl 

0.33700000 

XQG2 

1.64000000 

XQPPG2 

0.15000000 

Z99885 

0.45373000 

Z99888 

0.45375400 

Z99892 

0.17226600 

Z99895 

0.17227500 

Z99899 

0.92243400 

Z99902 

0.92483600 

Z99906 

0.23362500 

Z99909 

0.23366000 

Z99920 

0.08485850 

Z99946 

7.79347000 

Z99960 

47 

Z99970 

21 

Z99975 

13.0000000 

Z99984 

0.29994900 

XDCl  1.68000000 
XDNl  1.76000000 
XDP62  0.18000000 
XDPP62  0.15000000 
XG2  0.10000000 
XL61  0.07500000 
XMV2  0.64105100 
X<^1  1.15700000 
XQPPNl  0.49400000 
Z99886-1. 15637000 
Z99889  0.45374200 
Z99893-1. 15052000 
Z99896  0.17226700 
Z99900>0. 72997400 
Z99903  0.92487400 
Z99907-0. 97512800 
Z99910  0.23360400 
Z99921  0.08485850 
Z99949  3.02199000 
Z99961  40 

Z99971  61.0665000 
Z99982  115 

ZZSEED  55555555 
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Two  Generator  Ship 
Two  Mode  Speed  Control 
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SPEEDERRl  TAUSPEEDl  GSPEEDl 
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D.5  Crashback 


syatra  #2t  Crashback  with  constant  batai 


T 

299.976000 

ZZTI06  0. 

CINT 

0.10000000 

SZIBRR 

F 

ZZNBLX  1 

Z8ICON 

0 

ZZSTFL 

T 

ZZFRFL  F 

88ZCFL 

F 

ZZRIIFL 

F 

ZZJBFL  F 

Z8NI8T 

40 

ZZHAST 

0 

lAIiG  1 

NSTP 

10 

MAXT 

0.10000000 

MINT  1.0000B>08 

te  Variables 

Derivatives 

Initial  Conditions 

BDPP61 

0.09200280 

Z99995-2.9785B-04 

BDPPGIIC 

0. 

EDPP62 

0.12685700 

Z99992-3.8525B-04 

EDPPG2IC 

0. 

BDPPMl 

0.10099800 

Z99930-6.2064B-04 

BDPPMllC 

0. 

B11PTL2 

7.20000000 

Z99942  0. 

B1IPTI.2I 

7.20000000 

BQP61 

1.03617000 

899994-6. 2035B-05 

EQPGIIC 

1.00000000 

BQP62 

1.03049000 

899991-3. 2982B-04 

BQPG2IC 

1.00000000 

BQPMl 

1.18300000 

Z99929-0. 00118243 

BQPMIIC 

1.00000000 

BQPP61 

1.02296000 

Z99996-1.0808E-04 

BQPP61IC 

1.00000000 

BQPPG2 

1.02307000 

Z99993-1.7S20B-04 

BQPP62IC 

1.00000000 

BQPPMl 

1.16925000 

Z99931-0. 00109473 

EQPPMIIC 

1.00000000 

IDCl 

0.23447600 

Z99922-0. 00135037 

IDClIC 

0. 

M(362 

7660.91000 

Z99965-1. 02656000 

NGG2I 

7193.84000 

1IPT2 

3600.00000 

Z99978  0.00655201 

1IPT2I 

3600.00000 

TRHMl 

4139.66000 

Z99927-172. 197000 

THMMIIC 

0. 

TZCRX.2 

55.7481000 

Z99959-0. 0376 1290 

TICia.21 

13.0000000 

WNGl 

373.994000 

Z99979  0.00208680 

WHSIIC 

377.000000 

WKMl-172. 197000 

Z99928-0. 06058390 

WHMIIC 

0. 

Z99915 

0. 

Z99914  0. 

899913 

0. 

Z99917-0. 35474200 

Z99916-0. 00104634 

VSIPUI 

0. 

Z99919 

0.24513500 

Z99918-0. 00144583 

IDCRIIC 

0. 

Z99924 

0.31979300 

Z99923-5.6624E-04 

UlIC 

0.99000000 

Z99926 

1.42058000 

Z99925  0.00810623 

BAFMIIC 

1.00000000 

Z99933 

0.40957600 

Z99932-2.5563B-04 

ZlfV2I 

0.31609000 

Z99935 

7660.95000 

Z99934-1. 01318000 

1IG6L2Z 

7193.84000 

Z99937 

98.2771000 

Z99936-0. 09670260 

PS3WC2I 

68.0631000 

Z99939-1.2782B-04 

Z99938-1.1887B-04 

BMFFB2Z 

0. 

Z99941 

55.7940000 

Z99940-0. 03880470 

ALPBA2I 

40.9791000 

Z99944-345. 140000 

Z99943-4.0582B-05 

TGUiG2I-345 . 140000 

Z99948-0. 76408100 

899947  0.00285566 

TABTR2I 

0. 

Z99952 

577.409000 

899951-2.03044000 

QMAPI.2I 

0. 

Z99954 

3600.00000 

899953  0.00339084 

MPTL2I 

3600.00000 

Z99956 

27.5043000 

899955-0.01437390 

P54LL2I 

21.7097000 

Z99958 

27.0973000 

899957-0.01553130 

P54Z.2Z 

21.3889000 

Z99964 

1481.69000 

899963-0.15346200 

T51PL2Z 

1416.04000 

Z99967 

2018.35000 

899966-0.34237800 

T4PL2I 

1875.14000 

Z99973-0. 11570300 

899972-8. 1380E-05 

HBRR2I 

0. 

Z99981 

0.14867200 

899980-5. 5449E-04 

TKBCBIIC 

0. 

Z99986 

1.00000000 

899985  0. 

FUBLIIC 

0. 

Z99988 

1.42252000 

899987-0.01421450 

BkFG2IC 

1.00000000 

Z99990 

1.29643000 

899989  0.00253201 

BAFGlIC 

1.00000000 
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Algabralc  Varlablas 


non  Block  /ZZCQMD/ 
AFL2  0.17696700 
AZ.PBB2ZJ.  13.0000000 
AX.PHAG2  54.0000000 
BASBKNGl  2500.00000 
BASBHOl  900.000000 
BASEQMl  949455.000 
BASEVMl  5000.00000 
BETAMINMl  1.57080000 
CTX.1  8.00000000 
DEL62  0.14067800 
DELRl  0.16948800 
DELVTQ2  0. 

DFL2-0. 75972300 
DNGG2  7660.70000 
DQ4S2  1.09706000 
DRLbG2I  0.31609000 
DT51HS2  0.26799100 
E2 12-0. 00431820 
E52  8.36484000 
E82  0. 

EAF61  1.29643000 
EAF<S2D-0. 01421450 
EAFMlMkX  3.00000000 
EAFMAXG2  3.00000000 
EAFSMl  1.42059000 
EDPPMlD-6 .2064E-04 
EMFFB2 -1 . 2 7 82E-04 
ENPT2  7.20000000 
EQP61D-6 .2035E-05 
EQPPGlD-1 . 0808E-04 
ERl  0.94265500 
FARGO  0 

FARG3  3 

FARGS2  2 

FUELIMAX  1.00000000 
G12  0.22000000 
GBETARl  30.0000000 
GEAFMl  100.000000 
GSNALLl  5.00000000 
HG2  0.92400000 
BP2  2965.60000 
BP2Z  0. 

HPT20R0  2965.60000 
ICZ.IM2  70.0000000 
ID2GR  1.00000000 
IDCOMl  0.24513500 
IDCRIDHAX  0.10000000 
IDCRIMIM  0. 

IDGIMI  0.35266600 
IDG2XC  0. 

IDL2  0.18579900 
XDRl  0.24496900 


AFRL2  0.17284600 
AZ.PHA2UL  120.000000 
AZJPBAMl  18.4545000 
BASEKN62  16200.0000 
BASEliG2  3600.00000 
BASEVGl  450.000000 
BETAXl  2.20000000 
BETARl  1.24528000 
DEZATl  0.48568600 
D8LX1-3. 01265000 
DELTA2  1.00000000 
DELWF2-2. 65112000 
DFRI.2-0. 17233400 
DIIPT2  0.00655201 
DQHR22-2. 99080000 
ORPNDT2  0. 

DZl  0.05000000 
E222-0. 25909200 
E62  0. 

E92  0.50000000 
EAFGID  0.00253201 
EAFMl  1.42058000 
EAFMIMXN  0. 

EAFMXNGl  0. 
EDPPGlD-2 . 9785B-04 
EXl  0.50743000 
EMFSAT2-1 . 6283E-05 
ENPT2X  7.20000000 
EQPG2D-3.2982E-04 
EQPPG2D- 1.7520E-04 
ERRBOtJND  l.OOOOE-04 
FARGl  1 

FARGSO  0 

FARGS3  3 

FUELIMXN  0. 

G32  0.50000000 
GEAFGl  100.000000 
GLARGEl  50.0000000 
GSFEEDl  5.00000000 
BHPS  0.51678100 
BF2B  25000.0000 
BP20RD  0. 

XAJXQMl  0.29913800 
XCIITRL2 -0 . 1 157  030  0 
XDBMl  0. 

XDCRl  0.24513500 
XDCRlDNXN-0. 10000000 
XDGl  0.18934800 
XDG2  0.24745800 
XDG2M1  0.32307100 
XDMl  0.20903400 
XDXMl  0.12604700 


ALPBA2  55.7940000 
AZ.PBAG1  20.7143000 
ARLLG2X  0.31609000 
BASEXIIMl  14914.0000 
BASEHNl  150.000000 
BASEVG2  4160.00000 
BETANl  2.20000000 
CQLXD2  2.8143B-05 
DEL61  0.12799800 
DEZJfl-2. 97629000 
DELV  l.OOOOE-04 
DBL1fF2X  0. 

0112  0.00655201 
DHREF2  180.000000 
DQPTR2  4690.85000 
DT4BS2  0.28814600 
B02X  0. 

E232-0. 08636400 
E72  0.14399800 
EAFERRMl  4.0531B-06 
EAFG2  1.42252000 
EAFMID  0.00810623 
EAFMAXGl  3.00000000 
EAFNXHG2  0. 
EDPPG2D-3 . 8525B-04 
EXSMl  1.00000000 
BIIGG2-1 . 6283B-05 
EPMl  1.29454000 
EQPMlD-0 . 00118243 
EQPPMlD-0 . 00109473 
ERX2-1.6283E-05 
FARG2  2 

FARGSl  1 

FUELl  0.21571000 
FUELAGl  0.05040080 
G52  0.50000000 
GEAFG2  100.000000 
GMl  1.50000000 
BGl  1.91000000 
BMl  1.28978000 
BP2D  2965.60000 
BP20RDX  0. 

XANl  0.25854600 
XCIITRI.2X  0. 

XDClD-0. 00135037 
XDCRlD-0 . 00144583 
XDCRIMAX  0.80000000 
XDGIXC  0. 

XDG2BRR  0. 

XDXl  0.20903400 
XDMIXC  0. 

XERRl  0.01065960 
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lERRlIC  0. 

IQBMl  0. 

ZQ61N1  0.23459300 
IQ62IC  0. 

IQL2  0.18035400 
IQRl  0.08268140 
JJPS  1.4790E-I-06 
KOORBS  0. 

K03RES  0.96980600 
K06RES-5. 19908000 
K09RES  20.3595000 
KBRAXE  1.00000000 
KGC  32.1740000 
KI  307.240000 
KIR  2.00000000 
KPNG62  0.01017600 
KRRTB2  10.0000000 
KTURBOl  0.50000000 
KVSBZP  0.00754970 
LBRAKE  F 
LHEADR  F 
LPWR02  F 
MRXZT  10.0000000 
MFKMV2  23.0000000 
2091.30000 
N2  3600.00000 
N6B  3600.00000 
NHAXl  950.000000 
HPIFUI  5.3832E-06 
1IP2PU-0. 47342600 
NP2RPM-68 .5134000 
NPT2B  3600.00000 
NPT2R  3600.00000 
NPTQ2  158.068000 
NPTR2I  3600.00000 
PI  0.20000000 
P542  27.0971000 
P54LL2  27.5043000 
P54R22  27.0946000 
PCNTRL2-2 . 4414E-04 
PHIPMl  0.94159300 
PNGGR2  77.9578000 
PS32I  68.0631000 
PS3HC2  98.2771000 
Q1  0.15000000 
QCAL2  3180.10000 
QH2-1. 89374000 
QMAP2  577.348000 
QPl-244194.000 
QPlI-0. 23332300 
QP2-244194.000 
QP2X-0. 23332300 
QPBASE  1.239lB-f06 
gPT2B  36473.0000 
QREF2  45000.0000 


IGG2  566.778000 
IQ61  0.12595400 
ZQ62  0.08511570 
IQG2N1  0.11112400 
IWl  0.15215500 
JJG  16505.0000 
JJPT2  2171.50000 
KOIRES  0.20233900 
K04RES-0. 23175100 
K07RBS-23. 5963000 
KlORES-15. 1637000 
KC12  0.50000000 
KGOVl  0.20000000 
KI61M1  1.86253000 
XKHGlNl  0.16762800 
KQHP  5252.10000 
KSBTDN2  0 

KVGlMl  0.09000000 
KZGlMl  0.04832140 
ZDOPLR  F 
LBOZJ>2PI  F 
LSEA  F 
MFKAC2  0.58200000 
MFKN2  4.6080B>08 
13659.6000 
N2Z  3600.00000 
NGG2B  9827.00000 
NMZNl  400.000000 
NPlRPM-68. 5134000 
NP2Pai  5.3832E-06 
NPRPMB  144.719000 
NPT20RD  3600.00000 
NFT2RI  3600.00000 
NFTQ2I  158.068000 
NREF2  3672.00000 
P2  14.6960000 
P542Z  21.3889000 
P54Q2  1.87155000 
P54R22Z  21.3889000 
PCIITRL2Z  0. 

PBISMl  0.20000000 
PNGGR2Z  73.2049000 
PS3R22  98.2732000 
PNRD2  11.8624000 
Q42  7679.45000 
QCAL2Z  0. 

gLID2  364.730000 
QNAP2Z  0. 

QPlF-6229. 08000 
QPlPU-0. 19707800 
QP2F-6229. 08000 
QP2PO-0. 19707800 
QPSBAF  92466.4000 
QPT2I  364.730000 
ROCl  0.02000000 


IITZD2  580.484000 
IQGIIC  0. 

ZQG2ERR  0. 

IQIl  0.15215500 
IQMIIC  0. 

JJPROP  1.3130E-t-06 
JJSBFT  166000.000 
K02RES-0. 05737380 
K05RES  8.65721000 
KOORBS  15.9458000 
KALARN2  0 

KDFRQ  1.57080000 
KB0XJ>PI2  1.00000000 
KIG2M1  1.30556000 
KKNG2M1  1.08623000 
KRAT2  0.16000000 
KTBL2  0 

KVG2M1  0.83200000 
KZG2M1  0.63727300 
LFWDl  F 
LHGG2A  F 
Z.T542A  F 
MFKFR2  0.17259000 
MFW2  159.400000 
Ml  892.843000 
MERR2-4.8828E-04 
NG<a.2  7660.95000 
HPlPU-0. 47342600 
NPIRPMZ  7.7905B-04 
NP2RNPZ  7.7905E'-04 
HPRPSB  2.41200000 
NPT20RDZ  3600.00000 
NPTL2  3600.00000 
NPTR2  3600.00000 
NSETl  900.000000 
P2T22  5.50753000 
P54L2  27.0973000 
P54Q2Z  1.47725000 
PAMB  14.6960000 
PCTZD2  0.01000000 
PNGG2  77.9578000 
PS32  98.2732000 
PS3R22I  68.0631000 
PWRD2Z  0. 

Q4R22  7679.45000 
QGB  36520.0000 
QLZD2Z  364.730000 
QMAPL2  577.409000 
QPIFZ  92443.6000 
QP1PUI-1.8831B-07 
QP2FI  92443.6000 
<}P2POI-1.8831E-07 
QPT2  4691.69000 
QPT2PU  0.12846900 
RSlPUO  0.00170916 
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RSlPUl-0. 04231370 

RS1PO2-0. 05418350 

RS1PU3 

RSlPU-0. 16656600 

RSlPDIO 

0. 

RSlPUIl 

RS1PUI2 

0. 

RS1PUI3 

0. 

RSIPUI 

SBAFRQ 

1.04720000 

SEATIME 

0. 

SI1EGVI.2 

SPDElUtl 

7.15710000 

SPDERRIIC 

0. 

SPDREFl 

SPEEDERRl 

0.04324370 

8QRTH2 

1.00000000 

8NITCHVAR1 

TOSEA 

0. 

T2 

518.700000 

T42 

T4P2 

2017.02000 

T4PZ.2 

2018.35000 

T4R22 

T4U2-17. 1120000 

T512 

1480.52000 

T51P2 

T51PL2 

1481.69000 

T51Q2 

1.00018000 

T51R22 

T51U2-17. 8027000 

T542 

971.106000 

TABTR12 

LPHA2(32) 

999.900000 

299976(16) 

108.000000 

299977(16) 

TAMB 

59.0000000 

TAOBETARl 

0.01000000 

TAUEAF61 

TAUEAF62 

0.10000000 

TAUEAPM! 

0.05000000 

TAUFASTl 

TAUGOVl 

2.00000000 

TAUSLOMl 

20.0000000 

TAUSPEEDl 

TC12 

3.00000000 

TDOPGl 

3.79000000 

TDOPG2 

TDOPMl 

2.10000000 

TDOPP61 

0.38000000 

TDOPPG2 

TDOPPMl 

0.03900000 

TDT542(48) 

99999.0000 

299968(36) 

99969(12) 

99999.0000 

TEGl-0. 14865100 

TEG2- 

TE62IC 

0. 

TEMl-0. 19749300 

TE8M2 

TESM2Z 

0. 

TGLAG2 

7.20000000 

TBDOT22- 

THET2N 

1.00000000 

TBETA2 

1.00000000 

TBRESHOLDl 

THTA2V 

1.00000000 

TIC2 

55.7444000 

TIC2LL 

TZC20Z. 

113.500000 

TICMD2 

55.7444000 

TICMD2I 

TICN2-0. 11594700 

TZCH2I 

0. 

TICRZ.2LL- 

TICRI.2UL 

22.5000000 

TICS2 

55.8603000 

TZCS2I 

TMAP(116) 

950.000000 

299997(96) 

0.92280000 

299998(20) 

TMGl 

0.14867200 

TMMl 

0.19707800 

TMM2 

TORQl 

0.14840300 

TPlPU-0. 15258000 

TPIPUI 

TP2PU-0. 15258000 

TP2PUI 

0. 

TQOPPGl 

TQOPPG2 

0.09000000 

TQOPPMl 

0.19300000 

TSEA 

TSTOP 

300.000000 

TORBOLAGl 

0.43528500 

TDT4H2 

TUT51H2 

0.10642200 

TVSOREF 

696.262000 

U1 

U1D-5.6624E-04 

UMAXl 

0.99000000 

OMINl 

VDBIC 

0. 

VDBUS 

0.15073700 

VDERR 

VDGl 

0.12727000 

VDG2 

0.13962400 

VDIl- 

VDMl-0. 08046350 

VDRl 

0.15900500 

VERRGl 

VERRG2 

0.01421100 

VII- 

-0.49391900 

VN2 

VNSr2 

500.000000 

VQ2 

9.00000000 

VQBIC 

VQBUS 

0.95364400 

VQERR 

0. 

VQGl 

VQ62 

0.98595200 

VQIl- 

-0.50321700 

VQMl- 

VQRl 

0.92914800 

VQSF2 

5000.00000 

VRl 

VR2 

0.50000000 

VRATE2 

0. 

VRSF2 

VSIPUO 

l.OOOOE-05 

VSIPUIO 

3.1559E-05 

VSIPUIOI 

VS1PU2 

0.12584200 

VS1PU2I 

0. 

VS1PU3- 

VS1PU3I 

0. 

VS1PU4 

0.01583620 

VS1PU4I 

VS1PU5-0. 00561775 

VS1PU5I 

0. 

VS1PU6 

VS1PU6Z 

0. 

VS1PU7-7.0695E-04 

VS1PU71 

VS1PU8 

2.5078E-04 

VS1PU8I 

0. 

VS1PU9- 

VS1PU9Z 

0. 

VSlPU-0. 35474200 

VT12 

VTGl 

0.99703300 

VTG2 

0.99578900 

VTMl 

VTOP2 

0. 

VTREFGl 

1.01000000 

VTREFG2 

VTRQ682 

0. 

M42 

59.3867000 

W4R22 

W542 

66.4302000 

H54R22 

66.4302000 

HAVE 

WEFSEA 

1.04720000 

WESEA 

0. 

HESEAM6 

•0.07177810 

0. 

0. 

0. 

•0.50000000 

0.05578500 

2017.31000 

2017.02000 

1480.25000 

1480.25000 

0.63516400 

999.900000 

0.10000000 

0.10000000 

20.0000000 

3.19000000 

0.04000000 

68.3000000 

•0.11847100 

4326.57000 

-0.03768050 

0.10000000 

13.0000000 

13.0000000 

89.0000000 

13.0000000 

950.000000 

0.19707800 

0. 

0.19000000 

6.00000000 

0.25857500 

0.31979300 

0. 

0. 

0.06524800 

0.01296680 

7.34400000 

1.00000000 

0.98887700 

0.48231400 

0.49860200 

360.000000 

0. 

0.04464140 

0. 

0.00199285 

0. 

8.8964E-05 

0.93215900 

0.48898000 

1.01000000 

59.3867000 

4.00000000 

0. 
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NESNIUC  0.10000000 
NrUEL2  3305.69000 
mf62  377.000000 
flRN20RD  1.00000000 
fnaiG2  1.00000000 
fnam2-0. 45675600 
XDG2  1.77000000 
XDPGl  0.25000000 
XDPPGl  0.18000000 
XGl  0.10000000 
XLl  0.10000000 
XLMl  0.33700000 
XQGl  1.01000000 
XQPPGl  0.28000000 
XVSOREF  207.220000 
Z99887  0.32301700 
Z99891  1 

Z99894  0.11110500 
Z99898  1 

Z99901  0.95364500 
Z99905  1 

Z99908  0.15071000 
Z99912  1 

Z99945  7.20000000 
Z99950  0.63516400 
Z99962  49.7148000 
Z99974  18 

Z99983  99 


WFAC2  4480.39000 
WFUEL2I  2185.21000 
NMNlD-0. 06 058390 
NRN20RDIC  1.00000000 
NRMG2IC  1.00000000 
XDCl  1.68000000 
XDMl  1.76000000 
XDPG2  0.18000000 
XDPPG2  0.15000000 
XG2  0.10000000 
XLGl  0.07500000 
XMl  0.10000000 
XQG2  1.64000000 
XQPPG2  0.15000000 
Z99885  0.32307100 
Z99888  0.32311900 
Z99892  0.11112400 
Z99895  0.11114000 
Z99899  0.94822400 
Z99902  0.95354900 
Z99906  0.15073700 
Z99909  0.15075900 
Z99920  0.05578500 
Z99946  7.20000000 
Z99960  47 

Z99970  21 

Z99975  13.0000000 
Z99984  0.14840300 


HFSR22  3308.34000 
IfMGlD  0.00208680 
WO  377.000000 
WRNGl  0.99202600 
WRNMl-0. 45675600 
XDGl  1.63000000 
XDMX<W1  0.60300000 
XDPMl  0.60800000 
XDPPNl  0.54200000 
XX3L2  2.20000000 
XLG2  0.13000000 
XHV2  0.40944900 
XQMl  1.15700000 
XQPPMl  0.49400000 
Z99886-1. 14391000 
Z99889  0.32307100 
Z99893-1. 13941000 
Z99896  0.11112400 
Z99900-0. 91074800 
Z99903  0.95361000 
Z99907-1. 17095000 
Z99910  0.15072900 
Z99921  0.05578500 
Z99949  0.63602000 
Z99961  40 

Z99971  55.8603000 
Z99982  115 

ZZ8KBD  55555555 
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VSIPU 


Two  Generator  Ship 
Two  Mode  Speed  ControJ 
Crashback  test 


T 
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Two  Generator  Ship 
Two  Mode  Speed  Control 
Crashback  test 


BETARl 


Two  Generator  Ship 
Two  Mode  Speed  Controi 
Crashback  test 


VTGl 
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Two  Generator  Ship 
Two  Mode  Speed  Control 
Crashback  test 


Two  Generator  Ship 
Q  Two  Mode  Speed  Control 
Crashback  test 


\ 


-0.50  -0.25  q.OO  0.98  1.00  1.02-0.5  0.0  0.5  0.980  1.005  1.030 


Two  Generator  Ship 
Two  Mode  Speed  Control 
Crashback  test 
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Two  Generator  Ship 
Two  Mode  Speed  Control 
Braking  Resistor  flpplicotion 


era! or  Ship 
e  Speed  Coni 
Resistor  (^p 


Two  Generator  Ship 
Two  Mode  Speed  ControJ 
Phase  Sequence  Reversal 


D.6  Generator  Failure  at  50%  Motor  Speed 

syst«a  #2at  Ganarator  #2  fallura  at  50%  ship  spaad 


T  25.0000000 
ZSIERR  F 
ZZ8TFL  T 
ZZRMFL  F 
ZZIIAS7  0 

MRXT  0.10000000 

tata  Varlablas 

EDPPGl  0.29471100 
EDPP62  1.1644E-24 
EDPPMl-0 . 09589190 
ENPTLl  7.19898000 
EQP61  1.02696000 
EQP62  1.00000000 
EQPMl  1.17125000 
EQPP61  1.01201000 
EOPPG2  1.00000000 
EQPPMl  1.15814000 
IDCl  0.22284700 
NG61  8081.00000 
MPTl  3599.47000 
THHMl  27350.3000 
TICRLl  69.1367000 
ims2  380.807000 
WKHl  171.236000 
Z99915  0. 

Z99917  0.51156600 
Z99919  0.23287300 
Z99924  0.30078100 
Z99926  1.39970000 
Z99933  0.52794400 
Z99935  8081.02000 
Z99937  138.696000 
Z99939-1.8216E-04 
Z99941  69.1148000 
Z99944-345. 092000 
Z99948-2. 45794000 
Z99952  1857.90000 
Z99954  3599.49000 
Z99956  34.9975000 
Z99958  34.4802000 
Z99964  1572.16000 
Z99967  2214.47000 
Z99973-0. 06887140 
Z99981  i. 48268-09 
Z99986  1.00001000 
Z99988  0.99999100 
Z99990  1.81929000 


ZZTICO  0. 

ZZNBLK  1 

ZZFRFL  F 
ZZJEFL  F 
lALG  1 

MIMT  l.OOOOE-08 

Darivatlvas 
Z99995-1.0629E-04 
Z99992-6.1282E-24 
Z99930  8.44558-05 
Z99942-2. 02668-04 
Z99994-1. 10068-05 
Z99991-7. 30178-07 
Z99929-1. 50638-04 
Z99996-2. 23518-06 
899993-7.84278-07 
Z99931-1. 48278-04 
Z99922-1. 73998-04 
Z99965-0. 48811200 
Z99978-0. 05613670 
Z99927  171.236000 
Z99959  0.11779800 
Z99979  1.46328-07 
Z99928  0.00998080 
Z99914  0. 

Z99916  2.79098-04 
Z99918-1. 95388-04 
Z99923  6.25858-05 
Z99925-0. 03814700 
Z99932-3. 64338-04 
Z99934-0. 62255900 
Z99936-0. 02212520 
Z99938  4.22408-04 
Z99940  0. 

Z99943  0.00927296 
Z99947  0.00717958 
Z99951-0. 27262400 
Z99953-0. 08816190 
Z99955-0. 00118249 
Z99957  0. 

Z99963  3.43217000 
Z99966  1.81239000 
Z99972  0.08772790 
Z99980-2. 69818-09 
Z99985  0. 

Z99987  7.98708-05 
Z99989-7. 56988-04 


CZNT  0.10000000 
ZZZCOH  0 

ZZZCFL  F 
ZZNZST  40 

NSTP  10 


Znitial  conditlona 
EDPP61ZC  0. 

EDPP62ZC  0. 

EDPPMIZC  0. 

8RPTL1Z  7.20000000 
EQP61ZC  1.00000000 
EQP62ZC  1.00000000 
EQPMIZC  1.00000000 
8QPP61ZC  1.00000000 
8QPP62ZC  1.00000000 
8QPPN1ZC  1.00000000 
ZDCIZC  0. 

NGGIZ  7193.84000 
NPTIZ  3600.00000 
THMMIZC  0. 

TZCRZ.1Z  13.0000000 
imG2ZC  377.000000 

wmizc  0. 

Z99913  0. 

V81PUZ  0. 

ZDCRIZC  0. 

UIZC  0.99000000 
EAFMIZC  1.00000000 
XHVIZ  0.31609000 
NG<a.lZ  7193.84000 
PS3lfClZ  68.0631000 
8MFFB1Z  0. 

ALPHXIZ  40.9791000 
T6LA61Z-345 . 140000 
TABTRIZ  0. 

WRPLIZ  0. 

IIPTI.1Z  3600.00000 
P54LL1Z  21.7097000 
P54L1Z  21.3889000 
T51PL1Z  1416.04000 
T4PI.1Z  1875.14000 
HERRIZ  0. 

TMECH2ZC  0. 

FII8I.2ZC  0. 

8AF62ZC  1.00000000 
8RF01ZC  1.00000000 
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Algebraic  Variables 

non  Block  /ZZCOMO/ 

AFLl  0.14660200 
ALPBAILL  13.0000000 
ALPBAG2  20.7143000 
BASEKN61  16200.0000 
BASBNGl  3600.00000 
BASEQMl  949455.000 
BASEVMl  5000.00000 
BETAMINNl  1.57080000 
CYL2  8.00000000 
DEI.62  1.1644E-24 
DELRl  0.39877300 
DELVTQl  0. 

DFLl-0. 79008800 
DNGGl  8080.75000 
DQ4S1-5. 96718000 
DRLLGII  0.31609000 
DT51HS1-4. 44555000 
E211  0.00206329 
E51  6.95567000 
E81  0. 

EAF61  1.81929000 
EAFG2D  7.9870E<-05 
EAFMIMAX  3.00000000 
EAFMAX62  3.00000000 
EAFSMl  1.39968000 
EDPPMID  8.4455E>05 
EMFFB1-1.8216B-04 
ENPTl  7.19897000 
EQPGlD-1 . 1006E-05 
EQPPGlD-2 . 2  3  5 lE-06 
ERl  0.92096700 
FARGO  0 

FARG3  3 

FARGS2  2 

FUEI.2MAX  1.00000000 
Gll  0.22000000 
GBETARl  30.0000000 
GEAFMl  100.000000 
GSMALLl  5.00000000 
HG2  1.91000000 
HPl  8685.66000 
HPII  0. 

HPTIORO  8685.66000 
ICX.IM1  70.0000000 
IDIGR  1.00000000 
IDCBG2  0. 

ZDCRlD-1 . 9538E-04 
IDCRIMAX  0.80000000 
ZDGlIC  0. 

IDG2ERR  0. 

IDIl  0.19866700 
IDNIIC  0. 


AFRLl  0.17295400 
ALPHAlUL  120.000000 
ALPBAMl  18.4545000 
BASEKNG2  2500.00000 
BASEIIG2  900.000000 
BASEVGl  4160.00000 
BETAIl  2.20000000 
BETARl  1.26528000 
DEIAY2  0.54949900 
DELIl-0. 19531300 
DELTA2  1.00000000 
DELHFl  5.39990000 
DFRLl-0. 17222600 
DMPTl-O. 05613670 
DQHR21  5.06674000 
DRPMDTl-1 . 5240E-04 
DZl  0.05000000 
E221  0.12379800 
E61  0. 

E91  0.45832200 
BAFGlD-'7 . 5698B-04 
EAFMl  1.39970000 
EAFMIMIN  0. 

EAFMINGl  0. 
EOPPGlD-1 . 0629E*04 
Ell  0.46612500 
ENFSATl  2.5251E-06 
ENPTII  7.20000000 
EQPG2D-7 .3017E-07 
EQPPG2D-7 . 8427E-07 
ERRBOUND  l.OOOOE-04 
FARGl  1 

FARGSO  0 

FARGS3  3 

FUEL2NIN  0. 

G31  0.50000000 
GEAFGl  100.000000 
GLARGEl  50.0000000 
GSPEEDl  5.00000000 
HHPS  0.51678100 
BPIB  25000.0000 
HPIORO  0. 

lAJXQNl  0.28430200 
ICNTRLl-O. 06887 140 
ZDBMl  0. 

ZDCONl  0.23287300 
ZDCRIDMAX  5.00000000 
IDCRINZN  0. 

ZDGINI  0.65061600 
ZDG2ZC  0. 

ZDL2  0.18192500 
ZDRl  0.23434500 


AZ.PHA1  69.1148000 
ALPBAGl  54.0000000 
ARZJ.G1Z  0.31609000 
BASEKHMl  14914.0000 
BASENNl  150.000000 
BASEVG2  450.000000 
BETAMl  2.20000000 
CQLZDl  2.8143E-05 
DEZ.G1  0.33318900 
DEZMl-O. 15796300 
DELV  l.OOOOE-04 
DELWFIZ  0. 

DNl-0. 05613670 
DNREFl  180.000000 
DQPTRl  13071.1000 
DT4BS1-1. 13085000 
EOlZ  0. 

E231  0.04126580 
E71  0.14546300 
EAFERRMl-1 . 9073E-05 
EAFG2  0.99999100 
EAFMlD-0. 03814700 
EAFNAXGl  3.00000000 
EAFMZNG2  0. 
EDPPG2D-6 . 1282E>24 
EZSNl  1.00000000 
ENGGl  2.5251E>06 
EPMl  1.27988000 
EQPNlD-1 . 5063E-04 
EQPPNlD-1 . 4827E-04 
ERXl  2.5251E-06 
FARG2  2 

FARG51  1 

FUEL2  0. 

FUEZAG2  0.04949900 
G51  0.50000000 
GEAFG2  100.000000 
GMl  1.50000000 
BGl  0.92400000 
BNl  1.28978000 
BPID  8685.66000 
BPIORDZ  0. 

ZAMl  0.24572400 
ZCNTRLIZ  0. 

ZDC1D-1.7399E-04 
ZDCRl  0.23287300 
ZDCRlDMZN-5 . 00000000 
ZDGl  0.49834100 
ZDG2  0. 

ZDG2M1  0. 

ZDNl  0.19866700 
ZDXNl  0.11979600 


I 
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IBRRl 

0.01002610 

XBRRIXC 

0. 

XGGl 

566.778000 

IITIDl 

580.484000 

XQBNl 

0. 

XQCBG2 

0. 

IQ61 

0.19778600 

XQGIXC 

0. 

XQGlNl 

0.25822200 

IQ62 

0. 

XQ62BRR  0. 

XQG2XC 

0. 

XQ62M1 

0. 

XQXl-0. 14460900 

XQL2 

0.11040400 

IQNl-0. 14460900 

X<^1XC 

0. 

XQRl 

0.07390910 

JJ6 

16505.0000 

JJPROP 

1.3130B-i-06 

JJPS 

1.4790B-f06 

JJPTl 

2171.50000 

JJSHFT 

166000.000 

KOORBS 

0. 

KOIRES 

0.20233900 

K02RBS-0 . 05737380 

K03RBS 

0.96980600 

K04RES- 

-0.23175100 

K05RBS 

8.65721000 

K06RBS- 

-5.19908000 

K07RES-23. 5963000 

K08RBS 

15.9458000 

K09RBS 

20.3595000 

K10RES>15. 1637000 

KAIARMl 

0 

XBRAKB 

1.00000000 

KCll 

0.50000000 

KDFRQ 

1.57080000 

KGC 

32.1740000 

KGOV2 

0.20000000 

KBOLDPXl 

1.00000000 

KX 

307.240000 

KI61M1 

1.30556000 

KX62N1 

1.86253000 

KXR 

2.00000000 

KKWGlMl 

1.08623000 

KXM62M1 

0.16762800 

KPNGGl 

0.01017600 

KQHP 

5252.10000 

KRATl 

0.16000000 

KRATBl 

10.0000000 

KSHTDNl 

0 

KTBI.1 

0 

KTURB02 

0.50000000 

KVGlNl 

0.83200000 

KVG2M1 

0.09000000 

KVSBXP 

0.00754970 

KZ61M1 

0.63727300 

KZG2M1 

0.04832140 

LBRAXE 

F 

LCBG2 

F 

LOOPLR 

F 

LFWDl 

T 

LHEADR 

F 

LBOLDIPX 

F 

LNGGIA 

F 

LPWROl 

F 

X.SBA 

F 

LT541A 

F 

MAXIT 

10.0000000 

MFKACl 

0.58200000 

MFKFRl 

0.17259000 

MFKMVl 

23.0000000 

MFKNl 

4.6080E-08 

MFNl 

159.400000 

2091.30000 

13659.6000 

Ml 

3599.47000 

Mil 

3600.00000 

N2 

909.109000 

MBRRl 

0.52636700 

HGB 

3600.00000 

MGGIB 

9827.00000 

MGGLl 

8081.02000 

NMAX2 

950.000000 

NMXM2 

400.000000 

MPIPU 

0.47078300 

NPIPUI 

5.3832B-06 

NPIRPM 

68.1310000 

MPIRPNX 

7.7905B-04 

NP2PU 

0.47078300 

NP2PUX 

5.3832B-06 

MP2RMPX 

7.7905B-04 

NP2RPM 

68.1310000 

NPRPMB 

144.719000 

MPRPSB 

2.41200000 

NPTIB 

3600.00000 

MPTlORD 

3600.00000 

MPTIORDX 

3600.00000 

NPTIR 

3600.00000 

NPTIRX 

3600.00000 

MPTLl 

3599.49000 

NPTQl 

158.046000 

NPTQIX 

158.068000 

MPTRl 

3599.47000 

NPTRII 

3600.00000 

NRBFl 

3672.00000 

MSBT2 

900.000000 

PI 

0.16000000 

P2 

14.6960000 

P2T21 

5.50753000 

P541 

34.4802000 

P541X 

21.3889000 

P54L1 

34.4802000 

P54Z.L1 

34.9975000 

P54Q1 

2.38143000 

P54Q1X 

1.47725000 

P54R21 

34.5283000 

P54R21X 

21.3889000 

PAMB 

14.6960000 

PCNTRLl 

0.26318400 

PCMTRLIX 

0. 

PCTXDl 

0.01000000 

PHIPMl 

2.20000000 

PBXSMl 

0.20000000 

PMGGl 

82.2326000 

PNG6R1 

82.2326000 

PNGGRIX 

73.2049000 

PS31 

138.696000 

PS31X 

68.0631000 

PS3R21 

138.696000 

PS3R21X 

68.0631000 

PS3WC1 

138.696000 

PNRDl 

34.7427000 

PMROIX 

0. 

Q1 

0.12000000 

Q41 

11715.4000 

Q4R21 

11715.4000 

QCAI.1 

10232.4000 

QCALIX 

0. 

QGB 

36520.0000 

QHl-0. 90044000 

QLXDl 

364.623000 

QLXDIX 

364.730000 

QNAPl 

1857.89000 

{^(APIX 

0. 

QMAPI.1 

1857.90000 

QPl 

229329.000 

gpiF 

6198.26000 

QPIFX 

92443.6000 

QPlX-0. 23332300 

QPIPU 

0.18508100 

QP1PUX-1.8831B-07 

QP2 

229329.000 

QP2F 

6198.26000 

QP2FX 

92443.6000 

QP2X-0. 23332300 

QP2PU 

0.18508100 

QP2PUX-1.8831B-07 

QPBASE 

1.2391B<l'06 

QPSBAF 

92466.4000 

QPTl 

13034.7000 

QPTIB 

36473.0000 

QFTIX 

364.730000 

QPTIPU 

0.35692000 
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QRBFl 

45000.0000 

RDCl 

0.02000000 

RSIPUO 

0.10503100 

RSlPUl-0. 00622202 

RS1PU2 

0.09894770 

RSlPa3 

0.10351000 

RSIPU 

0.30126600 

RSIPUIO 

0. 

RSlPUZl 

0. 

RS1PUI2 

0. 

RS1PUI3 

0. 

RSIPUZ 

0. 

SEAFRQ 

1.04720000 

SEATZME 

0. 

SNEGVLl 

0. 

SPDERRllC 

0. 

SPDBItR2-9 . 10852000 

SPDREFl 

0.50000000 

SPEEDERRl 

0.04579310 

SQRTa2 

1.00000000 

SHZTCBVARl 

0.02905200 

TOSEA 

0. 

T2 

518.700000 

T41 

2219.07000 

T4P1 

2220.20000 

T4PL1 

2214.47000 

T4R21 

2220.20000 

T4U1 

90.5831000 

T511 

1593.90000 

T51P1 

1598.35000 

T51PL1 

1572.16000 

T51Q1 

0.99721900 

T51R21 

1598.35000 

T51U1 

398.157000 

T541 

1079.82000 

TABTRll 

2.04433000 

LPHAl ( 32 ) 

999.900000 

299976(16) 

108.000000 

299977(16) 

999.900000 

TAMB 

59.0000000 

TAUBETARl 

0.01000000 

TAUEAFGl 

0.10000000 

TAUEAFG2 

0.10000000 

TAUEAFMl 

0.05000000 

TAUFASTl 

0.10000000 

TAUGOV2 

2.00000000 

TAUSLOtfl 

20.0000000 

TAUSPEEDl 

20.0000000 

TCll 

3.00000000 

TDOPGl 

3.19000000 

TDOPG2 

3.79000000 

TDOPMl 

2.10000000 

TDOPPGl 

0.04000000 

TDOPPG2 

0.38000000 

TDOPPMl 

0.03900000 

TDT541(48) 

99999.0000 

299968(36) 

68.3000000 

99969(12) 

99999.0000 

TEGl-0. 34702900 

TEGIZC 

0. 

TE62 

0. 

TEMl 

0.18514900 

TESMl 

12673.5000 

TESMIZ 

0. 

TGLAGl 

7.19854000 

THDOT21 

0. 

THET2N 

1.00000000 

THETA2 

1.00000000 

THRESHOZJ)! 

0.10000000 

THTA2V 

1.00000000 

TlCl 

69.1485000 

TZCIZJ. 

13.0000000 

TICIUL 

113.500000 

TICMDl 

69.1485000 

TZCMDIZ 

13.0000000 

TICNl 

0.19431200 

TICNII 

0. 

TZCRLlLL-89 . 0000000 

TZCRLIUL 

22.5000000 

TICSl 

68.9542000 

TZCSIZ 

13.0000000 

TKAP(116) 

950.000000 

299997(96) 

0.92280000 

299998(20) 

950.000000 

TM62 

1.4826E-09 

TMMl-0. 18508100 

TMM2-0. 18508100 

TORQ2 

0. 

TPlPO 

0.16911700 

TPIPUZ 

0. 

TP2PU 

0.16911700 

TP2PUI 

0. 

TQOPPGl 

0.09000000 

TQOPPG2 

0.19000000 

TQOPPNl 

0.19300000 

TSEA 

6.00000000 

TSTOP 

25.0000000 

TURBOLAG2 

0.50000000 

TUT4H1 

0.31613800 

TUT51H1 

0.13107100 

TVSOREF 

696.262000 

U1 

0.30078100 

UlD 

6.2585E-05 

UNAXl 

0.99000000 

UMZNl 

0. 

VDBIC 

0. 

VDBUS 

0.35020900 

VDCBG2 

1.1644E-24 

VDERP. 

0. 

VDGl 

0.32437900 

VDG2 

1.1644E-24 

VDIl- 

-0.09046270 

VDMl-0. 07600180 

VDRl 

0.35760000 

VERRGl 

0.01819210 

VERRG2 

0.00999999 

VZl-0. 45371400 

VHl 

7.34400000 

VNSFl 

500.000000 

VQl 

9.00000000 

VQBZC 

1.00000000 

VQBUS 

0.87214100 

VQCBG2 

1.00000000 

VQERR 

0. 

VQGl 

0.93726200 

VQG2 

1.00000000 

VQIl 

0.45726300 

VQMl 

0.47712900 

VQRl 

0.84870700 

VQSFl 

5000.00000 

VRl 

0.45817000 

VRATEl 

0. 

VBSFl 

360.000000 

VSlPUO 

l.OOOOE-05 

VSIPUIO 

0.00122748 

VSIPUIOI 

0. 

VS1PU2 

0.26169900 

VS1PU2Z 

0. 

VS1PU3 

0.13387600 

VS1PU3Z 

0. 

VS1PU4 

0.06848660 

VS1PU4Z 

0. 

VS1PU5 

0.03503540 

VS1PU5Z 

0. 

VS1PU6 

0.01792290 

VS1PU6Z 

0. 

VS1PU7 

0.00916874 

VS1PU7I 

0. 

VS1PU8 

0.00469042 

VS1PU8Z 

0. 

VS1PU9 

0.00239946 

VS1PU9Z 

0. 

VSIPU 

0.51156600 

VT12 

0.88327600 

VTGl 

0.99180800 

VTG2 

1.00000000 

VTMl 

0.48314500 

VTOPl 

0. 

VTREFGl 

1.01000000 

VTREF62 

1.01000000 

VTRQGSl 

0. 

W41 

80.1019000 

H4R21 

80.1019000 

W541 

89.5631000 

1f54R21 

89.5631000 
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NAVE  4.00000000 
NESEAMG  0. 

NFSR21  5062.36000 
NNGl  376.945000 
WO  377.000000 
NKM61  0.99985400 
WRMMl  0.45420700 
XDGl  1.77000000 
XDMXQMl  0.60300000 
XOPMl  0.60800000 
XOPPMl  0.54200000 
XK3L1  2.20000000 
XLG2  0.07500000 
XMVl  0.52776200 
XQNl  1.15700000 
XQPPMl  0.49400000 
Z99886  0. 

299889  0. 

Z99893  0. 

Z99896  0. 

Z99900  0. 

Z99903  0.87220100 
Z99907  0. 

Z99910  0.35020100 
Z99921  0.02905200 
Z99949  2.04649000 
Z99961  40 

Z99971  68.9542000 
Z99982  116 

ZZSEED  55555555 


NEFSEA  1.04720000 
NESNAX  0.10000000 
WFUELl  5067.76000 
NM62D  1.4632E-07 
WRMIORD  1.00000000 
NRMGIIC  1.00000000 
WRNM2  0.45420700 
XD62  1.63000000 
XDPGl  0.18000000 
XDPPGl  0.15000000 
XGl  0.10000000 
XLl  0.10000000 
XLMl  0.33700000 
XQGl  1.64000000 
XQPPGl  0.15000000 
XVSOREF  207.220000 
Z99887  0. 

Z99891  1 

Z99894  0. 

Z99898  1 

Z99901  0.87214100 
Z99905  1 

Z99908  0.35020900 
Z99912  1 

Z99945  7.19897000 
Z99950  2.04433000 
Z99962  54.3832000 
Z99974  18 

Z99983  98 


NESEA 

0. 

WFACl 

6519.46000 

WFUELII 

2185.21000 

WMNID 

0.00998080 

WRNIORDIC 

1.00000000 

WRNG2 

1.01010000 

XDCl 

1.68000000 

XDNl 

1.76000000 

XDPG2 

0.25000000 

XDPPG2 

0.18000000 

XG2 

0.10000000 

XLGl 

0.13000000 

XMl 

0.10000000 

XQG2 

1.01000000 

XQPPG2 

0.28000000 

Z99885 

0. 

Z99888 

0.32210600 

Z99892 

0. 

Z99895 

0.19897000 

Z99899 

0.87135600 

Z99902 

0.87205400 

Z99906 

0.35020900 

Z99909 

0.35027900 

Z99920 

0.02905200 

Z99946 

7.19854000 

Z99960 

47 

Z99970 

23 

Z99975 

13.0000000 

Z99984 

0. 
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Generator  Shi| 
Mode  Speed  Coi 
erator  Failure 


q.oo  q.oo  q.25  q.50  q.ooo  0.125  0.250-0.250  -0,125  0,000 


Two  Generator  Ship 
Two  Mode  Speed  Control 
Gen  er  at  or  Failure 


eralor  Shi| 
e  Speed  Coi 
or  Failure 


TEGl  WRNGl  TEG2  URNG2 

-0.4  -0.2  0.0  0.98  1.00  1.02  -0.2  -0.1  0.0  0.98  1.00  1.02 


Two  Generator  Ship 
Two  Mode  Speed  Control 
Generator  Failure 
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D.7  Generator  Failure  at  90%  Motor  Speed 

SystMB  2a  t  Ganarator  #2  trippad  off  lina  I  T>15  aac 


T  18.1803000 
ZSIERR  F 
ZS8TFL  T 
SZRMFL  P 
ZZNAST  0 

nan  0.10000000 

tata  Varlablaa 

EDPP61  0.72011600 
BDFP62  1. 18508-08 
BOFPMl-0. 23329600 
E1IPTZ.1  6.70086000 
BQP61  0.75499600 
BQP62  0.99920600 
BQPNl  1.41814000 
BQPPGl  0.72741600 
BQPP62  1.00012000 
BQPPMl  1.38623000 
IDCl  0.54223500 
MGGl  9222.09000 
HPTl  3369.03000 
THMMl  43180.3000 
TICRLl  113.500000 
imQ2  391.600000 
IIMMl  297.195000 
Z99915  0. 

Z99917  0.86895800 
Z99919  0.56063000 
Z99924  0.55184400 
Z99926  1.97503000 
Z99933  0.85020400 
Z99935  9213.43000 
Z99937  252.498000 
Z99939  0.02055390 
Z99941  113.455000 
Z99944-321. 147000 
Z99948-9. 63467000 
Z99952  7448.08000 
Z99954  3354.45000 
Z99956  57.2223000 
Z99958  56.4636000 
Z99964  1739.47000 
Z99967  2615.63000 
Z99973  0.13876700 
Z99981  8.9559B-04 
Z99986  1.00001000 
Z99988  0.97231000 
Z99990  2.21734000 


ZZTIC6  0. 

ZZBBLK  1 

ZZPRPli  F 
ZZJBFL  F 
IAL6  1 

MIIIT  l.OOOOB-08 

Darivatlvas 
Z99995-1.2195B-04 
Z99992-6.2367B-08 
Z99930  4.8301B-05 
Z99942  0.20103500 
Z99994  1.8228B-04 
Z9999 1-0. 002327 18 
Z99929-3.8589B-06 
899996  1.0163B-04 
Z99993-0. 00241289 
899931  3.5195B-05 
899922-2. 6964B-05 
899965  213.686000 
899978  103.740000 
899927  297.195000 
899959  7.6294B-05 
899979  0.08838670 
899928-0.00646367 
899914  0. 

899916  3.1753E-05 
899918-1. 10248-04 
899923-5. 8413E-04 
899925  0.12087800 
899932  0.04110780 
899934  216.650000 
899936  13.6253000 
Z99938-0. 01249520 
899940  3. 60308-04 
899943-9.62277000 
899947-0.70087400 
899951  299.854000 
899953  101.262000 
899955  2.20612000 
899957  2.14359000 
899963  61.4375000 
899966  128.343000 
899972  0. 
899980-0.00163522 
899985  0. 

899987  0.15422600 
899989  0.01030920 


CIMT  0.10000000 
88ICOH  0 

88ICFL  F 
Z81IIST  40 

HSTP  10 


Initial  Conditions 
BDPP61IC  0. 

8DPPG2IC  0. 

BDPmllC  0. 

88PTL1I  7.20000000 
80P61IC  1.00000000 
8QP02IC  1.00000000 
EQPMIIC  1.00000000 
EQPPGllC  1.00000000 
B0PPO2IC  1.00000000 
BQPPMIXC  1.00000000 
IDClIC  0. 

NGMSll  7193.84000 
MPTII  3600.00000 
THHNIIC  0. 

TICRLII  13.0000000 
1IMC2IC  377.000000 
WHMIIC  0. 

899913  0. 

VSIPOI  0. 

IDCRIXC  0. 

DIXC  0.99000000 
8AFM1XC  1.00000000 
INFIX  0.31609000 
NOGI.1X  7193.84000 
PS3WC1X  68.0631000 
EMFFBIX  0. 

AXJP8A1X  40.9791000 
TGLM31X-345 . 140000 
TABTRIX  0. 

WRFLIX  0. 

RPTLIX  3600.00000 
P54XX1X  21.7097000 
P54X.1X  21.3889000 
T51PL1X  1416.04000 
T4PX.1X  1875.14000 
NBRRIX  0. 

TMBCB2XC  0. 

FUEX.2XC  0. 

8AF62XC  1.00000000 
BAFGIXC  1.00000000 
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Algebraic  Varlablaa 


non  Block 

/ZZC<BtO/ 

AFLl 

0.00124403 

AFRLl 

0.13148200 

ALPHAl 

113.455000 

ALPHAILL 

13.0000000 

ALPBAIUL 

120.000000 

ALPBAGl 

54.0000000 

ALPHAG2 

20.7143000 

ALPHAMl 

18.4545000 

ARLIiGlI 

0.31609000 

BASEKNGl 

16200.0000 

BA8EKNG2 

2500.00000 

BASEENNl 

14914.0000 

BASBHGl 

3600.00000 

BA8EMG2 

900.000000 

BASEMMl 

150.000000 

BASE<»I1 

949455.000 

BASEVGl 

4160.00000 

BASEV62 

450.000000 

BASBVMl 

5000.00000 

BETAIl 

2.20000000 

BETAMl 

2.20000000 

BBTAMIMMl 

1.57080000 

BETARl 

0.98622300 

CQLIDl 

2.8143E-05 

CTX.2 

8.00000000 

DELAT2 

0.54768700 

DELGl 

0.93128300 

DELG2 

1.1848E-08 

DELIl-0. 40188400 

DELMl-0. 34744000 

DELRl 

1.12960000 

DELTA2 

1.00000000 

DELV 

l.OOOOR-04 

DELVTQl 

0. 

DELWFl 

1062.24000 

DEZMFII 

0. 

DFLl-0. 93544600 

DFRLl-O. 21369800 

DEI 

103.740000 

DMG61 

9478.28000 

DNPTl 

103.740000 

DNREFl 

180.000000 

DQ4S1-396. 767000 

DQHR21 

790.963000 

DQPTRl 

44713.1000 

DRLLGII 

0.31609000 

DRPMDTl 

0.15117800 

DT4BS1-50. 3455000 

DTSIHSI-SO. 5555000 

DZl 

0.05000000 

EOll 

0. 

B211 

0.00422347 

E221 

0.25340800 

E231 

0.08446940 

B51 

0.58562600 

E61 

0. 

E71 

0.18283100 

B81 

0. 

E91 

0.74586900 

EAFERRNl 

6.0439E-05 

EAFGl 

2.21734000 

EAFGID 

0.01030920 

EAFG2 

0.97231000 

EAFG2D 

0.15422600 

EAFMl 

1.97503000 

EAFMID 

0.12087800 

EAmiMAX 

3.00000000 

EAFMIMIN 

0. 

EAFMBXGl 

3.00000000 

BAFMAXG2 

3.00000000 

EAFMINGI 

0. 

EAFlCniG2 

0. 

BAFSMl 

1.97509000 

EDPPGlD-1 .2195E-04 

EDPPG2D-6 .236  7E-08 

EDPPMID 

4.8301E-05 

Ell 

0.91044500 

EISMl 

1.00000000 

BMFFBl 

0.02055390 

EMFSATl 

0.00124403 

EHGGl 

0.20020900 

ENPTl 

6.70890000 

ENPTII 

7.20000000 

EPMl 

1.68360000 

EQP61D 

1.8228E-04 

EQPG2D-0. 002327 18 

EQPMlD-3 . 8589E-06 

EQPP61D 

1.0163E-04 

EQPFG2D-0 . 00241289 

EQPPNID 

3.5195E-05 

ERl 

0.98280500 

ERRBOUND 

l.OOOOE-04 

ERXl 

0.00124403 

FARGO 

0 

FAR61 

1 

FARG2 

2 

FARG3 

3 

FARGSO 

0 

FARGSl 

1 

FAR6S2 

2 

FARGS3 

3 

FOEL2 

0. 

FUEX.2IIAX 

1.00000000 

FUEZi2NIN 

0. 

FaELA62 

0.04813480 

Gll 

0.22000000 

G31 

0.50000000 

G51 

0.50000000 

GBETARl 

30.0000000 

GEAFGl 

100.000000 

GEAFG2 

100.000000 

GEAFMl 

100.000000 

GLARGEl 

50.0000000 

«11 

1.50000000 

GSHALLl 

5.00000000 

GSPEEDl 

5.00000000 

BGl 

0.92400000 

HG2 

1.91000000 

HEPS 

0.51678100 

HMl 

1.28978000 

HPl 

23742.4000 

HPIB 

25000.0000 

BPID 

23742.4000 

BPII 

0. 

HPIORO 

0. 

BPIORDI 

0. 

BPTIORO 

23742.4000 

lAJXQNl 

0.69177000 

ZAMl 

0.59790000 

ICLIMl 

70.0000000 

ICETRLl 

0.13876700 

ICNTRLII 

0. 

IDIGR 

1.00000000 

ZDBMl 

0. 

IDC1D-2.6964E-05 

IDCBG2 

0. 

IDCOMl 

0.56063000 

IDCRl 

0.56063000 

lDCRlD-1 . 1024E-04 

IDCRIDMAX 

5.00000000 

IDCRlDMIN-5 . 00000000 

IDCRIMAX 

0.80000000 

ZDCRININ 

0. 

ZDGl 

0.91921200 

IDGIIC 

0. 

IDGIMI 

1.20009000 

IDG2 

0. 

IDG2ERR 

0. 

IDG2IC 

0. 

IDG2M1 

0. 

IDIl 

0.48340000 

IDL2 

0.20285400 

IMll 

0.48340000 

IDMIIC 

0. 

ZORl 

0.49861700 

242 

IDXNl 

0.29149000 

IBRRl 

0.01839460 

lERRlIC 

0. 

IGGl 

566.778000 

IITIDI 

580.484000 

IQBNl 

0. 

IQCBG2 

0. 

IQ61 

0.48329200 

ZQGIIC 

0. 

IQGIMI 

0.63096800 

IQ62 

0. 

IQG2ERR  0. 

IQG2IC 

0. 

IQ62M1 

0. 

IQIl-0. 35186500 

IQL2- 

-0.02892660 

35186500 

KWIIC 

0. 

IQRl 

0.32994700 

JJ6 

16505.0000 

JJPROP 

1.3130B-I-06 

JJPS 

1.47908-I-06 

JJPTl 

2171.50000 

JJSHFT 

166000.000 

K00R8S 

0. 

KOIRES 

0.20233900 

K02RBS-0. 05737380 

K03R8S 

0.96980600 

K04RES-0. 23175100 

K05RES 

8.65721000 

K06R8S-5. 19908000 

K07RBS- 

-23.5963000 

K08RES 

15.9458000 

K09R8S 

20.3595000 

KIORES- 

-15.1637000 

KALARMl 

1 

KBRAKB 

1.00000000 

KCll 

0.50000000 

KDFRQ 

1.57080000 

KGC 

32.1740000 

KGOV2 

0.20000000 

KHOLDPIl 

0. 

KZ 

307.240000 

KIGlMl 

1.30556000 

KIG2M1 

1.86253000 

KZR 

2.00000000 

KKNGlNl 

1.08623000 

KKNG2M1 

0.16762800 

KPNGGl 

0.01017600 

KQHP 

5252.10000 

KRATl 

0.16000000 

KRAT81 

10.0000000 

KSHTDNl 

1 

KTBLl 

0 

XTURB02 

0.50000000 

KVGlMl 

0.83200000 

KVG2M1 

0.09000000 

KVSHIP 

0.00754970 

KZ61M1 

0.63727300 

KZG2M1 

0.04832140 

LBRAK8 

F 

Z.CBG2 

F 

LOOPLR 

F 

LFWDl 

T 

LBEADR 

F 

LHOLOlPI 

T 

LMGGIA 

F 

LPHRDl 

F 

LSBA 

F 

LT541A 

T 

MAXIT 

10.0000000 

MFKACl 

0.58200000 

MFKFRl 

0.17259000 

MFKKVl 

23.0000000 

MFKNl 

4.60808-08 

MFHl 

159.400000 

2091.30000 

13659.6000 

HI 

3369.03000 

mi 

3600.00000 

N2 

934.875000 

N8RR1 

230.969000 

NGB 

3600.00000 

NGGlB 

9827.00000 

NGGLl 

9213.43000 

imAX2 

950.000000 

IIMIN2 

400.000000 

NPIPU 

0.81708400 

NPIPUI 

5.3832E-06 

NPlRPM 

118.247000 

NPIRPMI 

7.79058-04 

NP2P0 

0.81708400 

NP2PUI 

5.38328-06 

NPZRMPI 

7.79058-  14 

NP2RPM 

118.247000 

NPRPMB 

144.719000 

HPRPSB 

2.41200000 

NPTIB 

3600.00000 

RPTIORD 

3600.00000 

NPTlORDI 

3600.00000 

HPTIR 

3600.00000 

NPTIRI 

3600.00000 

HPTLl 

3354.45000 

NPTQl 

147.287000 

NPTQlI 

158.068000 

NPTRl 

3369.03000 

NPTRII 

3600.00000 

NREFl 

3672.00000 

NS8T2 

900.000000 

PI 

0.16000000 

P2 

14.6960000 

P2T21 

5.50753000 

P541 

56.4936000 

P541I 

21.3889000 

P54L1 

56.4636000 

P54U.1 

57.2223000 

P54Q1 

3.89374000 

P54Q1Z 

1.47725000 

P54R21 

57.1851000 

P54R21Z 

21.3889000 

PANB 

14.6960000 

PCNTRLl 

115.485000 

PCHTRLII 

0. 

PCTIDl 

0.01000000 

PBIPMl 

2.20000000 

PHISNl 

0.20000000 

PRGGl 

93.8444000 

PNGGRl 

93.8444000 

PNGGRII 

73.2049000 

PS31 

253.043000 

PS31I 

68.0631000 

PS3R21 

253.043000 

PS3R21Z 

68.0631000 

PS3NC1 

252.498000 

PNROl 

94.9695000 

FNRDlI 

0. 

Q1 

0.12000000 

Q41 

23079.1000 

Q4R21 

23079.1000 

gCALl 

41020.6000 

QCALII 

0. 

gGB 

36520.0000 

QHl 

394.196000 

QLIDl 

319.431000 

QLZDIZ 

364.730000 

WIAPI 

7457.08000 

QNAPII 

0. 

QMAPLl 

7448.08000 

QPl 

734052.000 

QPIF 

10721.0000 

QPIFI 

92443.6000 

QPlX-0. 23332300 

QPIPU 

0.59242100 

QPlPUI-1. 88318-07 

QP2 

734052.000 

QP2F 

10721.0000 

QP2FZ 

92443.6000 

QP2I-0. 23332300 

QP2PU 

0.59242100 

QP2PUZ-1. 88318-07 

QPBASB 

1.23918-1^06 

QP8BAF 

92466.4000 

QPTl 

43638.4000 

QPTIB 

36473.0000 

QPTII 

364.730000 

QPTIPD 

1.19492000 
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QRBPl  45000.0000 
R81PU1-6. 77660000 
RSlPU  1.07280000 
RS1POI2  0. 

SEAFRQ  1.04720000 
SPDERRlIC  0. 
SPEEDEKRl  0.11168500 
T08EA  0. 

T4P1  2928.49000 
T4U1  6414.56000 
T51PL1  1739.47000 
T51U1  7127.20000 
Z.PHA1(32)  999.900000 
TAMB  59.0000000 
TAUBAF62  0.10000000 
TAU60V2  2.00000000 
TCll  3.00000000 
TDOPMl  2.10000000 
TDOPPHl  0.03900000 
99969(12)  99999.0000 
TBG2  0. 

TBSMII  0. 

THET2M  1.00000000 
THTA2V  1.00000000 
TIClUL  113.500000 
TICHl  115.623000 
TICKLIOL  22.5000000 
TMAP(116)  950.000000 
TM62  8.9559E-04 
TORQ2  0. 

TP2PU  0.53850400 
TQOPP62  0.19000000 
TSTOP  20.0000000 
TUT51H1  0.16882000 
U1D-5.8413E-04 
VDBZC  0. 

VDERR  0. 

VDIl-0. 35612300 
VERR61  0.02218370 
VNl  7.34400000 
VQBIC  1.00000000 
VQBRR  0. 

VQIl  0.83790600 
VQSFl  5000.00000 
VRSFl  360.000000 
VSIPUIOI  0. 

VS1P03  0.65614000 
VS1PU4I  0. 

VS1PU6  0.43052000 
VS1P071  0. 

VS1PU9  0.28248200 
VT12  0.95268700 
VTMl  0.94256700 
VTREF62  1.01000000 
W4R21  127.411000 


RDCl  0.02000000 
R81PU2  0.46087200 
RSIPUIO  0. 

RS1PUI3  0. 

SBATIMB  0. 
SPDERK2-34 . 8749000 
8QiaB2  1.00000000 
T2  518.700000 
T4PI.1  2615.63000 
T511  2052.84000 
T51Q1  0.97596500 
T541  1530.03000 
299976(16)  108.000000 
TAUBETARl  0.01000000 
TAOBAFMl  0.05000000 
TAUSLOWl  20.0000000 
TDOP61  3.19000000 
TOOPP61  0.04000000 
TDT541(48)  99999.0000 
TE61-1. 01349000 
TEMl  0.59237700 
TGLASl  7.16117000 
THETA2  1.00000000 
TICl  113.500000 
TICMDl  212.142000 
TICNII  0. 

TZCSl  96.4793000 
299997(96)  0.92280000 
TMMl-0. 59242 100 
TPIPU  0.53850400 
TP2PUZ  0. 

TQOPPMl  0.19300000 
TORBOLAG2  0.49955300 
TVSOREF  696.262000 
UNAXl  0.99000000 
VDBUS  0.85570000 
VD61  0.79261000 
VDNl-0. 32093600 
VEBR62  0.00987732 
VN8F1  500.000000 
VQBU8  0.46953700 
VQ61  0.58953400 
V<1M1  0.88624600 
VRl  0.89704700 
V81PU0  l.OOOOB-05 
V81PU2  0.75508800 
V81PU3I  0. 

V81P05  0.49544400 
V81PU6I  0. 

V81PU8  0.32508100 
V8lPa9I  0. 

VTOl  0.98781600 
VTOPl  0. 

VTRQ081  0. 

11541  140.978000 


R81PU0  7.21271000 
R81P03  0.17582400 
B8lP0ril  0. 

R81PUI  0. 

8HBGVZ.1  0. 

8PDREF1  0.90000000 
8inTCHVARl  0.09909070 
T41  2878.14000 
T4R21  2928.49000 
T51P1  2103.39000 
T51R21  2103.39000 
TABTRll  8.41437000 
299977(16)  999.900000 
TAUBAFOl  0.10000000 
TA0FA8T1  0.10000000 
TAD8PEBD1  20.0000000 
TDOP62  3.79000000 
TDOPP62  0.38000000 
299968(36)  68.3000000 
TB61IC  0. 

TB8M1  37012.8000 
THDOT21  3.4987B-04 
TBRB8HQLD1  0.10000000 
TICILL  13.0000000 
TICMDII  13.0000000 
TICia.lU.-89 .0000000 
TIC81I  13.0000000 
299998(20)  950.000000 
TMH2-0. 59242100 
TPIPOI  0. 

TQOPP61  0.09000000 
T8BA  6.00000000 
TOT4H1  0.41022900 
01  0.55184400 
UmMl  0. 

VDCB62  1.1850E-08 
VD62  1.1850E-08 
VDRl  0.88869400 
VIl-0. 88620300 
VQl  9.00000000 
VQCB62  1.00012000 
VQ62  1.00012000 
VQRl  0.41967500 
VRATEl  0. 

VS1P01O  0.24546500 
V81P02I  0. 

VS1P04  0.57015800 
VS1PU5Z  0. 

V81P07  0.37410400 
VS1P08I  0. 

VSIPD  0.86895800 
VTG2  1.00012000 
VTRBF61  1.01000000 
1141  127.411000 
ir54R21  140.978000 
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HAVE  4.00000000 
NESEAM6  0. 

NFSR21  11275.1000 
NMGl  352.812000 
NO  377.000000 
NRNGl  0.93584200 
NRMMl  0.78831500 
XD61  1.77000000 
XDMXQMl  0.60300000 
XDPMl  0.60800000 
XOPPMl  0.54200000 
XK3L1  2.20000000 
XL62  0.07500000 
XHVl  0.87075800 
XQNl  1.15700000 
XQPPNl  0.49400000 
Z99886  0. 

Z99889  0. 

Z99893  0. 

Z99896  0. 

Z99900  0. 

Z99903  0.46952500 
Z99907  0. 

Z99910  0.85570700 
Z99921  0.09909070 
Z99949  8.20411000 
Z99961  41 

Z99971  96.4793000 
Z99982  116 

ZZSEEO  55555555 


NEFSEA  1.04720000 
NESNAX  0.10000000 
NFUELl  12337.4000 
NMG2D  0.08838670 
NRHIORO  1.00000000 
NRNGllC  1.00000000 
NRim2  0.78831500 
XD62  1.63000000 
XDP61  0.18000000 
XDPP61  0.15000000 
XGl  0.10000000 
XLl  0.10000000 
XLMl  0.33700000 
XQGl  1.64000000 
XQPPGl  0.15000000 
XVSOREF  207.220000 
Z99887  0. 

Z99891  1 

Z99894  0. 

Z99898  1 

Z99901  0.46953800 
Z99905  1 

Z99908  0.85570000 
Z99912  1 

Z99945  6.70890000 
Z99950  8.41437000 
Z99962  63.1062000 
Z99974  18 

Z99983  98 


NESEA 

0. 

NFACl 

12363.8000 

NFUELII 

2185.21000 

NNNID- 

-0.00646367 

NRMIOROIC 

1.00000000 

NRlfG2 

1.03873000 

XDCl 

1.68000000 

XDMl 

1.76000000 

XDPG2 

0.25000000 

XDPPG2 

0.18000000 

XG2 

0.10000000 

XLGl 

0.13000000 

XMl 

0.10000000 

XQG2 

1.01000000 

XQPPG2 

0.28000000 

Z99885 

0. 

Z99888 

0.62855300 

Z99892 

0. 

Z99895 

0.54962200 

Z99899 

0.46934900 

Z99902 

0.46949000 

Z99906 

0.85570000 

Z99909 

0.85587100 

Z99920 

0.09909070 

Z99946 

7.16117000 

Z99960 

47 

Z99970 

29 

Z99975 

13.0000000 

Z99984 

0. 
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VSIPU  WRNMl  TEMl  EAFMl 

.86880  0.86890  0.8690®  7874  0.7879  0.7880.590  0.592  0.594  1,9730  1,9755  1,9780 


Two  Generator  Ship 
Two  Mode  Speed  Conlroi 
Loss  of  Generator  ^2 


n  I  I  I  I  I 

14  15  16  17  18  19 

T 
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VDMl  VQMl  IDMl  IQMl 

-0,322  -0,321  -0,320  0,883  0,885  0,887  0.481  0.483  0.485-0.353  -0.352  -0.351 


Two  Generator  Ship 
Two  Mode  Speed  Controi 
Loss  of  Generator  #2 
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BETARl  VRl  VII 

0.544  0.93  0.98  1,03  0,894  0,896  0,89a-0,887  -0,885  -0,883 


T  wo  Gen  er  at  or  Sh  i  p 
Two  Mode  Speed  Control 
Loss  o^  Generator  ^2 


14  15  16  17  18  19 

T 


24S 


1 
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QG2 


Two  Generator  Ship 
Two  Mode  Speed  Controi 


Z03J 


Two  Generator  Ship 
Two  Mode  Speed  Control 


Loss  of 

Generator  #2 

Appendix  E:  Notes  on  Use  of  ACSL 


At  the  bqjnniiig  of  thu  research  sevend  scrfbware  packages  were  considered 
possiUeuse.  ACSL  was  sdectedpriinarily  due  to  the  availability  of  preexistii^  code 
written  in  that  language.  The  PC-^mdows  version  of  ACSL  was  used  throughout  this 
research.  This  section  presents  the  author's  views  c(»ceming  tins  software  package. 

The  author  has  previously  used  the  UNIX  version  of  ACSL  and  was  inqrressed 
with  its  versatility  and  ease  of  use.  The  \^^ndows  version  is  vcty  user  fiiendty,  but 
corninatid  line  editing  is  awkward  and  (fifficuk.  When  exercising  a  snadation,  die  user 
inputs  various  commands  from  the  "ACSL  prompt”  the  UNIX  qratem,  the  last 
several  commands  issued  can  be  recalled  by  pressmg  die  iq>  arrow  kqr.  The  command  can 
then  be  edited  as  desired  and  executed  by  presnitg  die  return  key.  The  windows  verskm 
does  not  allow  this  type  of  etfiting.  It  b  posable  to  open  a  sqiatite  windkiw  frir  command 
editing,  but  this  requires  cutting  and  pasting  with  the  mouse  whidi  can  be  time  amsumhig. 
It  is  not  known  if  this  limitation  can  be  overcome  by  the  ACSL  authors  or  if  it  b  a 
limitation  of  the  windows  operating  environment.  Generatii^  screen  |dots  with  ACSL  is 
straightforward,  however  the  Windows  version  lacks  the  proper  drivers  to  write  the  plots 
into  common  PC  based  graphical  formats  for  inclusion  in  word  processor  files.  It  will  only 
write  the  plots  to  bitrmq)  or  neutral  plot  files. 

The  ACSL  macro  language  is  very  pownilil.  The  concatoiation  feature  of  thb 
language  is  vdut  made  h  postible  to  create  the  simulation  modeb  in  an  object  oriented 
manner.  The  btest  veraon  of  ACSL  can  be  purchased  with  a  gnqihical  fiont  end,  similar 
to  SIMULAB  and  SIMULINK  which  should  only  enhance  the  usefulness  of  the  language. 
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One  of  the  most  useful  features  ofthe  ACSL  language  is  the  numerous  variety  of 
imegratimi  algorithms  availaUe  for  use.  The  algorithm  can  also  be  changed  at  run-time 
without  reconqnling  the  modd.  This  feature  makes  it  voy  ea^  to  conqnre  one  algorithm 
against  another.  The  author  has  found  that  the  variable  stq)  algorithms  work  best  with  the 
models  devdoped  herdn.  This  is  because  there  are  several  fest  dgenvahies  v/bost 
transdent  decays  r^ridly  at  the  b^inning  of  a  simulation.  The  variable  stq)  algorithms  take 
small  stq>s  until  these  transients  die  out,  then  are  able  to  take  larger  stq>s  during  the 
slower  ship  dynamics  transients. 

The  ACSL  padcage  is  a  translator  v^ch  writes  a  FORTRAN  prograiiL  A  separate 
FORTRAN  compiler  is  required  to  generate  executable  code  from  the  ACSL  written 
program.  For  the  DOS  and  \^dows  verdons  of  ACSL,  the  Microsoft  FORTRAN 
Compiler  is  recommended.  This  compiler  is  fraught  with  problems.  The  simulations 
devdoped  herdn  use  sevoal  sq>arately  writt«i  FORTRAN  subroutines  in  the  gas  turbine 
and  ship  dynamics  models.  These  subroutines  woe  up  and  opoating  on  a  UNDC  system 
when  provided  to  the  author.  According  to  the  documoitation,  the  Nfiaosoft  compilo’  is 
able  to  handle  all  UNDC  extensions  to  FORTRAN-77  and  provide  many  other  extendons. 
This  is  not  the  case.  Much  time  was  spent  getting  these  programs  to  compile  on  the 
N^ficrosoft  compiler  when  the  same  file  would  compile  without  error  on  the  FORTRAN-77 
compiler  installed  on  project  ATHENA  There  were  also  occadonal  problems  getting 
ACSL  written  code  to  compile  on  the  Nficrosoft  compiler.  This  centered  around  the 
definition  of  variables  as  LOGICAL  type  and  is  still  not  understood  by  the  author.  The 
dze  of  the  programs  was  also  a  problem  for  the  compiler.  After  several  attempts  at 
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getting  one  nmulation  to  omqnle,  h  was  discovered  from  the  Microsoft  H^line 
consuhant  that  a  q)eciSc  conmumd  line  swhdi  must  be  set  to  conqnle  any  program  over  a 
certain  size.  Ofcourse  there  is  no  mention  ofthis  limitation  in  the  conqtUer 
documentation. 

Simulation  execution  time  became  rather  lengthy  for  the  larger  siimilaticms.  The 
two  generator  system  wmild  run  at  about  one  second  of  simulation  time  fisr  evoy  2-3 
minutes  of  real  time.  Most  of  the  sirmilations  described  in  diapter  S  took  3-S  hours  to 
run.  The  PC  used  for  simulations  contained  an  Intd  80486-DX  CPU  operating  at  33  MHz 
(one  of  the  faster  PCs  available  at  this  time).  It  is  recommended  that  ar^  future  research 
in  this  area  be  carried  out  on  a  workstation  or  a  mmnframe  computer. 
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Appendix  F:  Dictionary  of  Variables 


In  any  programming  effort  such  as  this  there  are  a  large  number  of  variables  and 
constants  winch  must  be  named.  To  aid  in  tins  task  as  wdl  as  increase  the  readatnlhy  of 
the  code,  a  set  of  naming  conventions  was  devdoped.  This  can  be  sumrxuuized  by  the 
following  rules: 

1.  All  lo^cal  variables  be^vMth  the  letter  "L”. 

2.  Controllo*  gains  begin  with  the  letter  "G". 

3.  Controller  time  constants  be^  with  the  letto^  "TAU”. 

4.  Nfiscellaneous  constants  begin  with  the  letter  "K”. 

5.  Initial  conditions  add  the  su£Bx  "IC  (or  "I")  to  the  base  variable  name. 

6.  Dmvatives  add  the  su£Bx  "D"  to  the  base  variable  name. 

7.  When  macros  are  invoked  in  a  program,  the  concatenation  variable  is  used  as  a 
designation  of  that  unit  Oe.  G1  for  gmerator  #1,  Ml  for  motor  #1,  etc.). 

This  convention  evolved  during  the  ccHirse  of  this  research  and  parts  of  the  code 
were  written  by  others,  so  currently  it  is  not  in  100%  compliance  with  this  convoition. 
However,  the  above  rules  are  a  useful  guide  to  the  reader  in  decyphering  the  code.  What 
follows  is  an  alphabetical  listing  of  variables  vrith  thdr  meaning  and  units.  As  mentioned 
previously,  some  of  the  code  used  was  written  previously  by  others,  thus  the  purpose  of 
all  internal  variables  is  not  known. 
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AFLl 

GT  #1  MFC  accdenitioii  linut 

Unknown 

AFRLl 

GT  #1  MFC  feedback  signal 

Unknown 

ALPHAl 

GT#1PLA 

Degrees 

ALPHAILL 

GT#1PLA  lower  Hinit 

D^rees 

ALPHAIUL 

GT  #1  PLA  upper  limit 

D^rees 

ALPHAGl 

Gen.  #1  Ratio  of  Reactances,  See  eq.  (2.7) 

NONE 

ALPHAG2 

Gen.  #2  Ratio  of  Rea^ances,  See  eq.  (2.7) 

NONE 

ALPHAMl 

Mtr.  #1  Ratio  of  Reactances,  See  eq.  (2.7) 

NONE 

ALPHAM2 

Mtr.  #2  Ratio  of  Reactances,  See  eq.  (2.7) 

NONE 

ARLLGII 

GT  #1  MFC  feedback  signal  IC 

Unknown 

BASEKWGl 

Gen.  #1  Base  Power 

KW 

BASEKWG2 

Gen.  if2  Base  Power 

KW 

BASEKWMl 

Mtr.  #1  Base  Power 

KW 

BASEKWM2 

Mtr.  #2  Base  Power 

KW 

BASENGl 

Gen  #1  Base  Speed 

RPM 

BASENG2 

Gen.  #2  Base  Speed 

RPM 

BASENMl 

Mtr.  #1  Base  Speed 

RPM 

BASENM2 

Mtr.  it2  Base  Speed 

RPM 

BASEQMl 

Mtr.  #1  Base  Torque 

FT.-LBF. 

BASEQM2 

Mtr.  #2  Base  Torque 

FT.-LBF. 

BASEVGl 

Gen.  #1  Base  Voltage 

Volts 

BASEVG2 

Gen.  #2  Base  Voltage 

Vohs 

BASEVMl 

Mtr.  #1  Base  Vohi^e 

Vohs 

BASEVM2 

Mtr.  #2  Base  Voltage 

Volts 

BETAIl 

Inverter  #1  firing  angle 

Radians 

BETAI2 

Inverter  #2  firing  angle 

Radians 

BETAMl 

Inverter  #1  firing  angle 

Radians 

BETAM2 

Inverter  #2  firing  angle 

Radians 

BETAMINMl 

Inverter  #1  minimum  allowable  firing  angle 

Radians 

BETAMINM2 

Inverter  #2  miiumum  allowable  firing  angle 

Radians 

BETAMAXMl 

Inverter  #1  maximum  allowable  firing  angle 

Radians 

BETAMAXM2 

Invoter  #2  nuudmum  allowable  firing  angle 

Radians 

BETARl 

Rectifier  #1  firing  angle 

Radians 

BETAR2 

Rectifier  #2  firing  angle 

Radians 
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CQLIDI 

GT  #1  load  inter&ce  miscdlaneous  constant 

FT-LB/RPM* 

CYL2 

Diesd  H2  Number  of  Q^inders 

NONE 

DELAY2 

Diesd  #2  Torque  time  lag 

Seccmds 

DELGl 

Gen.  #1  Torque  (or  load)  angle 

Radians 

DELG2 

Gen.  #2  Torque  (or  load)  angle 

Radians 

DEUl 

Inverter  #1  Load  angle 

Radians 

DELI2 

Inverter  #2  Load  angle 

Radians 

DELMl 

Mtr.  #1  Load  angle 

Radians 

DELM2 

Mtr.  #2  Load  angle 

Radians 

DELRl 

Rectifier  #1  Load  angle 

Radians 

DELR2 

Rectifier  #2  Load  angle 

Radians 

DELTA2 

GT  #1  ambient  pressure  correction  &ctor 

None 

DELV 

Implicit  equation  solver  increment  step  size 

None 

DELVTQl 

GT  #1  FSEE  internal  variable 

Unknown 

DELWFl 

GT  #1  gas  generator  intonal  variable 

Unknown 

DELWFII 

IC  of  DELWFl 

Unknown 

DFLl 

GT  M  MFC  decderation  limit 

Unknown 

DFRLl 

GT  #1  MFC  feedback  signal 

Unknown 

DNl 

Derivative  of  GT  #1  power  turbine  speed 

RPM/Sec. 

DNGGl 

GT  #1  demand  gas  generator  speed 

RPM 

DNPTl 

Derivative  of  GT  #1  power  turbine  speed 

RPM/Sec. 

DNREFl 

GT  #1  power  turbine  RPM  rate  limit 

RPM/Sec. 

DQ4S1 

GT  #1  gas  generator  internal  variable 

Unknown 

DQHR21 

GT  #1  gas  generator  internal  variable 

Unknown 

DQPTRl 

GT  #1  power  turbine  internal  variable 

Unknown 

DRLLGII 

GT  #1  internal  variable 

Unknown 

DRPMDTl 

GT  FSEE  internal  variable 

Unknown 

DT4HS1 

GT  #1  power  turbine  internal  variable 

Unknown 

DT51HS1 

GT  #l  power  turbine  internal  variable 

Unknown 

DZl 

Hysterisis  in  motor  #1  speed  control 

per  unit 

DZ2 

Hysterisis  in  motor  #2  speed  control 

po’unit 

EOll 

GT  #1  FSEE  intenud  variable 

Unknown 

E211 

GT  #\  FSEE  internal  variable 

Unknown 

E221 

GT  #1  FSEE  internal  variable 

Unknown 
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E231 

GT  #1  FSEE  internal  variable 

Unknown 

ESI 

GT  #1  FSEE  internal  variable 

Unknown 

E61 

GT  #1  FSEE  internal  variable 

Unknown 

E71 

GT  #1  FSEE  internal  variable 

Unknown 

E81 

GT  #1  FSEE  internal  variable 

Unknown 

E91 

GT  #1  FSEE  internal  variable 

Unknown 

EAFERRMl 

Mtr.  #1  Excitation  excitation  error  rignal 

per  unit 

EAFERRM2 

Mtr.  #2  Excitation  excitation  error  rignal 

per  unit 

EAFGl 

Gen.  #1  Excitation 

per  unit 

EAFGID 

Gen.  #1  Excitation  doivative 

per  unit 

EAFGIIC 

Gen.  #1  Excitation  initial  condition 

per  unit 

EAFG2 

Gen.  #2  Excitation 

per  unit 

EAFG2D 

Gen.  #2  Excitation  derivative 

per  unit 

EAFG2IC 

Gen.  #2  Excitation  initial  condition 

per  unit 

EAFMl 

Mtr.  #1  Excitation 

per  unit 

EAFMID 

Mtr.  #1  Excitation  derivative 

per  unit 

EAFMIIC 

Mtr.  #1  Excitation  initial  condition 

per  unit 

EAFM2 

Mtr.  #2  Excitation 

per  unit 

EAFM2D 

Mtr.  #2  Excitation  dermtive 

per  unit 

EAFM2IC 

Mtr.  #2  Excitation  initial  condition 

per  unit 

EAFMIMAX 

Mtr.  #1  Maximum  excitation 

per  unit 

EAFMIMIN 

Mtr.  #1  Minimum  excitation 

per  unit 

EAFM2MAX 

Mtr.  #2  Maximum  excitation 

per  unit 

EAFM2MIN 

Mtr.  #2  Minimum  excitation 

per  unit 

EAFMAXGl 

Gen.  #1  Maximum  excitation 

per  unit 

EAFMINGl 

Gen.  #1  Minimum  excitation 

per  unit 

EAFMAXG2 

Gen.  #2  Maximum  exdtation 

per  unit 

EAFMING2 

Gen.  #2  Minimum  excitation 

per  unit 

EAFSMl 

Mtr.  #1  Excitation  set  point 

per  unit 

EAFSM2 

Mtr  #2  Excitation  set  point 

per  unit 

EDPPGl 

Gen  D-axis  voltage  behind  subtransient  reactance  per  unit 

EDPPGID 

EDPPGl  derivative 

per  unit/Sec. 

EDPPGIIC 

EDPPGl  initial  condition 

per  unit 

EDPPG2 

1 

Gen  #2  D-axis  voltage  belund  subtransient  reactance  per  unit 
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EDPPG2D 

EDPPG2  derivative 

perunh/Sec. 

EDPPG2IC 

EDPPG2  initial  condition 

per  unit 

EDPPMl 

Mtr  #1  D-axis  voltage  behind  subtransioit  reactance 

ptfunit 

EDPPMID 

EDPPMl  derivative 

perunit/Sec. 

EDPPMIIC 

EDPPMl  initial  condition 

per  unit 

EDPPM2 

Mtr  #2  D-axis  voltage  behind  subtranaent  reactance  per  unit 

EDPPM2D 

EDPPM2  derivative 

perunh/Sec. 

EDPPM2IC 

EDPPM2  initial  condition 

perunh 

mi 

Inverter  #1  AC-ride  voltage  magiutude 

po’unit 

EI2 

Inverter  #2  AC-side  voltage  magnitude 

pa*  unit 

EISMl 

Mtr  #1  deared  stator  flux  magnitude 

per  unit 

EISM2 

Mtr  #2deared  stator  flux  magnitude 

perunh 

EMFFBl 

GT  #1  MFC  internal  constant 

Unknown 

EMFSATl 

GT  #1  MFC  intonal  variable 

Unknown 

ENGGl 

GT  #1  gas  geno^tor  speed  error  signal 

RPM 

ENPTl 

GT  #1  FSEE  internal  variable 

Unknown 

ENPTII 

GT  #1  FSEE  internal  variable 

Unknown 

EPMl 

Round  rotor  component  of  EISMl 

per  unit 

EPM2 

Round  rotor  component  of  EISM2 

per  unit 

EQPGl 

Gen  #1  Q-axis  volti^e  behind  transient  reactance 

perunh 

EO^'-GID 

EQPGl  derivative 

per  unit/Sec. 

EQPGIIC 

EQPGl  initial  condition 

per  unit 

EQPG2 

Gen  #2  Q-axis  voltage  behind  transient  reactance 

per  unit 

EQPG2D 

EQPG2  derivative 

per  unit/Sec. 

EQPG2IC 

EQPG2  initial  condition 

pa*  unit 

EQPMl 

Mtr  #1  Q-axis  voltage  behind  tranrient  reactance 

per  unit 

EQPMID 

EQPMl  derivative 

per  unh/Sec. 

EQPMIIC 

EQPMl  initial  condition 

po'unh 

EQPM2 

Mtr  #2  Q-axis  voltage  behind  tranrient  reactance 

per  unit 

EQPM2D 

EQPM2  derivative 

per  unit/Sec. 

EQPM2IC 

EQPM2  initial  condition 

per  unit 

EQPPGl 

Gen  #1  Q-axis  voltage  behind  subtransient  reactance  per  unit 

EQPPGID 

EQPPGl  derivative 

per  unit/Sec. 

EQPPGl  IC 

EQPPGl  initial  condition 

per  unit 

259 


EQPPG2 

Gen  #2  Q-axis  voltage  beiund  subtransient  reactance  per  unit 

EQPPG2D 

EQPPG2  derivative 

per  unit/Sec. 

EQPPG2IC 

EQPPG2  initial  condition 

per  unit 

EQPPMl 

Mtr  #1  Q-axis  voltage  behind  subtranrient  reactance 

per  unit 

EQPPMID 

EQPPMl  derivative 

per  unit/Sec. 

EQPPMIIC 

EQPPMl  initial  condition 

per  unit 

EQPPM2 

Mtr  #2  Q-axis  voltage  bdiind  subtranrient  reactance  po*  unit 

EQPPM2D 

EQPPM2  derivative 

pa*  unit/Sec. 

EQPPM2IC 

EQPPM2  initial  condition 

per  unit 

ERl 

Rectifier  #l  AC-side  voltage  magnitude 

per  unit 

ER2 

Rectifier  #2  AC-side  voltage  magnitude 

per  unit 

ERRBOUND 

Max  allowable  error  for  implicit  loop  solve  routine 

per  unit 

ERXl 

GT  #1  MFC  internal  variable 

Unknown 

FARGO 

Function  look  up  table  index 

None 

FARGl 

Function  look  up  table  index 

None 

FARG2 

Function  look  up  table  index 

None 

FARG3 

Function  look  up  table  index 

None 

FARGSO 

Function  look  up  table  index 

None 

FARGSl 

Function  look  up  table  index 

None 

FARGS2 

Function  look  up  table  index 

None 

FARGS3 

Function  look  up  table  index 

None 

FUEL2 

Diesel  #2  fuel  rack  position 

per  unit 

FUEL2MAX 

Diesel  #2  fuel  rack  maximum  position 

per  unit 

FUEL2MIN 

Diesel  #2  fuel  rack  minimum  position 

per  unit 

FUELAG2 

Diesel  #2  injection  delay 

Seconds 

Gil 

GT  #1  power  turbine  torque  limit  gain 

None 

G31 

GT  #1  power  turbine  RPM  limit  gain 

None 

G51 

GT  #1  power  turbine  RPM  rate  limit  gain 

None 

GBETARl 

Rectifier  #1  firing  angle  controller  gain 

None 

GBETAR2 

Rectifier  #2  firing  angle  controller  gain 

None 

GEAFGl 

Gen.  #1  Excitation  controller  gain 

None 

GEAFG2 

Gen.  #2  Excitation  controller  gain 

None 

GEAFMl 

Mtr.  #1  Excitation  controller  gain 

None 

GEAFM2 

Mtr.  #2  Excitation  controller  gain 

None 
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GLARGEl 

Mtr.  #1  speed  control  "&st  mode"  gain 

None 

GLARGE2 

Mtr.  #2  speed  control  "fast  mode"  gain 

None 

GMl 

Mtr.  #1  braking  resistor  conductance  value 

per  unit 

GM2 

Mtr.  #2  braking  resistor  conductance  value 

per  unit 

GSMALLl 

Mtr.  #l  speed  control  "slow  mode"  gain 

None 

GSMALL2 

Mtr.  #2  speed  control  "dow  mode"  gain 

None 

GSPEEDl 

Mtr.  #1  speed  control  gain 

None 

GSPEED2 

Mtr.  #2  speed  control  gain 

None 

HGl 

Gen.  #1  inertia  constant 

Seconds 

HG2 

Gen.  #2  inertia  constant 

Seconds 

HHPS 

Propeller  /  shaft  inertia  constant 

Seconds 

HMl 

Mtr.  #1  inertia  constam 

Seconds 

HM2 

Mtr.  M2  inertia  constant 

Seconds 

HPl 

GT  #1  generator  horsepower 

Horsepower 

HPIB 

GT  Ml  power  turbine  base  horsqiower 

Horsepower 

HPID 

GT  Ml  limited  horsepower  demand 

Horsq)ower 

HPII 

GT  #1  generator  horsepower  IC 

Horsepower 

HPIORD 

GT  #1  ordered  horsepower  (constant  power  mode) 

Horsepower 

HPIORDI 

GT  #1  ordered  horsepower  IC(const.  power  mode) 

Horsepower 

HPTIORD 

GT  #1  ordered  horsepower 

Horsepower 

lAJXQMl 

Product  of  motor  current  and  xq 

per  unit 

IAJXQM2 

Product  of  motor  current  and  xq 

per  unit 

lAMl 

Mtr  #1  armature  current  magnitude 

per  unit 

IAM2 

Mtr  M2  armature  current  magnitude 

per  unit 

ICLIMl 

GT  #1  governor  integral  control  limit 

Unknown 

ICNTRLl 

GT  #1  governor  integral  control 

Unknown 

ICNTRLII 

GT  #1  governor  integral  control  IC 

Unknown 

IDIGR 

Unknown 

Unknown 

IDBMl 

Mtr.  Ml  braking  resistor  D-axis  current 

per  unit 

IDBM2 

Mtr.  M2  braking  resistor  D-axis  current 

per  unit 

IDCl 

Freq.  changer  #1  DC-link  current 

per  unit 

IDCID 

Freq.  changer  #1  DC-link  current  derivative 

per  unit 

IDCIIC 

Freq.  changer  M',  DC-link  current  IC 

per  unit 

IDC2 

Freq.  changer  M2  DC-link  current 

per  unit 

IDC2D 

IDC2IC 

IDCBG2 

IDCOMl 

IDCOM2 

IDCRl 

IDCRID 

IDCRIDMAX 

IDCRIDMIN 

IDCRIMAX 

IDCRIMIN 

IDCRIIC 

IDCR2 

IDCR2D 

IDCR2IC 

IDCR2DMAX 

IDCR2DMIN 

IDCR2MAX 

IDCR2MIN 

IDGl 

IDGIIC 

IDGIMI 

IDG2 

IDG2ERR 

IDG2IC 

IDG2M1 

mil 

mi2 

roL2 

mMi 

roMiic 

roM2 

mM2IC 

mRi 


Freq.  changer  #2  DC-Unk  current  derivative 

Freq.  changer  #2  DC-Unk  current  IC 

Gen.  #2  circuit  breaker  D-axis  current 

Freq.  changer  #1  commanded  DC-Unk  current 

Freq.  changer  #2  commanded  DC-Unk  current 

Freq.  changer  #1  refo-oice  DC-Unk  current 

Freq.  chgr.  #1  reference  DC-Unk  current  dnivative 

Freq.  chgr.  #1  ref  DC-Unk  current  deriv.  max  Umit 

Freq.  chgr.  #1  ref  DC-Unk  current  deriv.  min  Umit 

Freq.  chgr.  #1  ref  DC-Unk  current  max  Umit 

Freq.  chgr.  #1  ref  DC-Unk  current  min  Umit 

Freq.  changer  #1  referotce  DC-Unk  current  IC 

Freq.  changer  #2  reference  DC-Unk  current 

Freq.  chgr.  #2  referoice  DC-Unk  current  derivative 

Freq.  changer  #2  reference  DC-Unk  current  IC 

Freq.  chgr.  #2  ref  DC-Unk  current  deriv.  max  Umit 

Freq.  chgr.  #2  ref  DC-Unk  current  deriv.  min  Umit 

Freq.  chgr.  #2  ref  DC-Unk  current  max  Umit 

Freq.  chgr.  #2  ref  DC-Unk  current  min  Umit 

Gen.  #1  D-axis  stator  current 

Gen.  #1  D-axis  stator  current  IC 

Gen.  #1  D-axis  stator  current  on  Mtr.  #1  base 

Gen.  #2  D-axis  stator  current 

Gen.  #2  D-axis  stator  current  error 

Gen.  #2  D-axis  stator  current  IC 

Gen.  #2  D-axis  stator  current  on  Mtr.  #1  base 

Inverter  #l  D-axis  current 

Inverter  #2  D-axis  current 

Ship's  service  load  D-axis  current 

Mtr.  #1  D-axis  stator  current 

Mtr.  #1  D-axis  stator  current  IC 

Mtr.  #2  D-axis  stator  current 

Mtr.  #2  D-axis  stator  current  IC 

Rectifier  D-axis  current 


per  unit 
per  unit 
per  unit 
per  unit 
po’unh 
per  unit 
per  unit/Sec. 
per  unit/Sec. 
per  unit/Sec. 
per  unit 
per  unit 
per  unit 
per  unit 
per  unit/Sec. 
per  unit 
per  unit/Sec. 
per  unit/Sec. 
per  unit 
per  unit 
per  unit 
per  unit 
per  unit 
per  unit 
per  unit 
per  unit 
per  unit 
per  unit 
per  unit 
per  unit 
per  unit 
per  unit 
per  unit 
per  unit 
per  unit 
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IDR2 

Rectifier  #2  D-axis  current 

per  unit 

IDXMl 

Mtr.  #1  salient  component  of  armatrue  reaction  flux 

per  unit 

IDXM2 

Mtr.  #2  salient  component  of  armatrue  reaction  flux 

per  unit 

lERRI 

Freq.  chgr.  #1  DC-link  current  error 

per  unit 

lERRlIC 

Freq.  chgr.  #1  DC-link  current  error  IC 

per  unit 

IERR2 

Freq.  chgr.  #2  DC-link  current  error 

per  unit 

IERR2IC 

Freq.  chgr.  #2  DC-link  current  error  IC 

per  unit 

IGGl 

GT.  #1  gas  generator  inotia  constant 

Ibm-ft* 

nriDi 

Unknown 

Unknown 

IQBMl 

Mtr.  #1  braking  reastor  Q-axis  current 

per  unit 

IQBM2 

Mtr.  #2  braking  resistor  Q-axis  current 

per  unit 

IQCBG2 

Gen.  #2  circuit  breako*  Q-axis  current 

per  unit 

IQGl 

Gen.  #1  Q-axis  stator  current 

per  unit 

IQGIIC 

Gen.  #1  Q-axis  stator  current  IC 

per  unit 

IQG2 

Gen.  #2  Q-axis  stator  cuirent 

per  unit 

IQG2ERR 

Gen.  #2  Q-axis  stator  current  error 

per  unit 

IQG2IC 

Gen.  #2  Q-axis  stator  current  IC 

per  unit 

IQG2M1 

Gen.  #2  Q-axis  stator  current  on  Mtr.  #I  base 

per  unit 

IQIl 

Inverter  #1  Q-axis  current 

per  unit 

IQI2 

Inverter  #2  Q-axis  current 

per  unit 

IQL2 

Ship's  service  load  Q-axis  currmt 

per  unit 

IQMl 

Mtr.  #1  Q-axis  stator  current 

per  unit 

IQMIIC 

Mtr.  #1  Q-axis  stator  current  IC 

per  unit 

IQM2 

Mtr.  #2  Q-axis  stator  current 

per  unit 

IQM2IC 

Mtr.  #2  Q-axis  stator  current  IC 

per  unit 

IQRl 

Rectifier  #1  Q-axis  current 

per  unit 

IQR2 

Rectifier  #2  Q-axis  current 

per  unit 

JJG 

GT  #1  generator  inertia 

Ibm-ft^ 

JJPROP 

Propeller  inertia 

Ibm-ft^ 

JJPS 

Propeller  &  shaft  inertia 

Ibm-ft* 

JJPTl 

GT  #1  power  turbine  inertia 

Ibm-ft* 

JJSHFT 

Propeller  shaft  inertia 

Ibm-ft^ 

KOORES 

Ship  hull  dyiuunics  constant 

Unknown 

KOIRES 

Ship  hull  dynamics  constant 

Unknown 

K02RES 

Ship  hull  dynamics  a>nstant 

Unknown 

K03RES 

Ship  hull  dynamics  constant 

Unknown 

K04RES 

Ship  hull  dynamics  constam 

Unknown 

KOSRES 

Ship  hull  dynamics  constant 

Unknown 

K06RES 

Ship  hull  dynamics  constant 

Unknown 

K07RES 

Ship  huU  dynamics  constant 

Unknown 

KOSRES 

Ship  hull  dynamics  constant 

Unknown 

K09RES 

Ship  hull  dynamics  constam 

Unknown 

KIORES 

Ship  hull  dynamics  constant 

Unknown 

KALARM 

GT  #1  alaim  condition  flag 

None 

KBRAKEl 

Mtr.  #1  braking  resistor  constam 

None 

KBRAKE2 

Mtr.  #2braking  resistor  constant 

None 

KCll 

GT  governor  gain 

None 

KDFRQ 

Seaway  encoumer  wavenumber 

Rad. /Ft. 

KGC 

GT  #1  pounds  mass  to  slugs  conversion  flictor 

Ibin-ft/ 

lbf-se(^ 

KGOV2 

Diesel  U2  govemer  gain 

None 

KHOLDPIl 

GT  #1  governor  limit  constant 

None 

KI 

GT  Ml  rotational  acceleration  conversion  factor 

Ibm-rpm-ft  / 
Ibf-sec 

KIGIMI 

Gen.  #1  current  base  conversion  factor 

None 

KIG2M1 

Gen.  M2  currem  base  converaon  factor 

None 

KKWGIMI 

Gen.  #1  power  base  convo^on  factor 

None 

KK1G2M1 

Gen.  M2  power  base  convo^on  factor 

None 

KPNGGl 

GT  #1  percent  base  gas  gmierator  speed 

1/RPM 

KQHP 

GT  #1  torque-rpm  to  horsepower  conversion  factor 

ft-lbf  /  min-hp 

KRATl 

GT  #1  FSEE  constant 

None 

KRATEl 

GT  #1  FSEE  constant 

None 

KSHTDNl 

GT  #1  shutdown  flag 

None 

KTBLl 

GT  #1  table  overrun  flag 

None 

KTURB02 

Diesel  M2  turbocharger  constant 

None 

KVGIMI 

Gen.  #1  voltage  base  conversion  factor 

None 

KVG2M1 

Gen.  M2  voltage  base  conversion  flurtor 

None 

KVSHIP 

Ship  speed  per  unit  convmsion  flurtor 

Unknown 

KZGIMI 

Gen.  #1  base  impedance  converaon  flictor 

None 
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KZG2M1 

Gen.  #2  base  impedance  converaon  &ctor 

None 

LBRAKEl 

Mtr.  #1  braking  condition  lo^cal  flag 

None 

LBRAKE2 

Mtr.  #2  braking  condition  lo^cal  flag 

None 

LCBG2 

Gen.  #2  circuit  breaker  logical  flag 

None 

LDOPLR 

Seaway  doppler  lo^cal  flag 

None 

LFWDl 

Mtr.  #1  forward  torque  lo^cal  flag 

None 

LFWD2 

Mtr.  #2  forward  torque  lo^cal  flag 

None 

LHEADR 

Headreach  calculation  logical  flag  (disabled) 

None 

LHOLDIPI 

GT  #1  governor  lo^cal  flag 

None 

LNGGIA 

GT  #1  alarm  flag 

None 

LPWRDl 

GT  #1  power  demand  flag 

None 

LSEA 

Seaway  flag 

None 

LT541A 

GT  #1  alarm  flag 

None 

MAXTT 

Maximum  #  of  iterations  for  implicit  loop  solutions 

None 

MFKACl 

GT  #1  MFC  constant 

Unknown 

MFKFRl 

GT  #1  MFC  constant 

Unknown 

MFKMVl 

GT  #1  MFC  constant 

Unknown 

MFKNl 

GT  #1  MFC  constant 

Unknown 

MFWl 

GT  #1  MFC  constant  array 

Unknown 

N1 

Gen.  #1  speed 

RPM 

Nil 

Gen.  #1  speed  IC 

RPM 

N2 

Gen.  #2  speed 

RPM 

NERRl 

Gen.  #1  speed  error 

RPM 

NGB 

Genarator  base  rpm 

RPM 

NGGIB 

GT  #1  base  gas  generator  speed 

RPM 

NGGLl 

GT  #1  MFC  output  gas  generator  speed 

RPM 

NMAX2 

Diesel  #2  maximum  speed 

RPM 

NMIN2 

Diesel  #2  minimum  speed 

RPM 

NPIPU 

#1  Propeller  shaft  speed 

per  unit 

NPIPUI 

#1  Propeller  shaft  speed  IC 

per  unit 

NPIRPM 

#1  Propeller  shaft  speed 

RPM 

NPIRPMI 

#1  Propeller  shaft  speed  IC 

RPM 

NP2PU 

#2  Propeller  shaft  speed 

per  unit 

NP2PUI 

#2  Propeller  shaft  speed  IC 

per  unit 
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NP2RPM 

#2  Propdier  shaft  speed 

RPM 

NP2RPMI 

#2  Propdler  shaft  speed  IC 

RPM 

NPRPMB 

Base  propeller  speed 

RPM 

NPRPSB 

Base  propeller  speed 

RPS 

NPTIB 

GT  #1  power  turbine  base  q;)eed 

RPM 

NPTIORD 

GT  #1  power  turbine  ordered  speed 

RPM 

NPTIORDI 

GT  #1  power  turbine  ordered  speed  IC 

RPM 

NPTIR 

GT  #1  power  turbine  ref«’ence  speed 

RPM 

NPTIRI 

GT  #1  power  turbine  reference  speed  IC 

RPM 

NPTLl 

GT  #1  FSEE  internal  variable 

Unknown 

NPTQl 

GT  #l  FSEE  internal  variable 

Unknown 

NPTQII 

GT  m  FSEE  internal  variable  IC 

Unknown 

NPTRl 

GT  #1  power  turbine  intonal  variable 

Unknown 

NPTRII 

GT  #1  power  turbine  internal  variable  IC 

Unknown 

NREFl 

GT  #1  power  turbine  speed  limit 

RPM 

NSET2 

Diesel  #2  governor  setpoint  speed 

RPM 

PI 

Ship's  service  real  load  power  setting 

per  unit 

P2 

GT  #1  compressor  inlet  pressure 

psia 

P2T21 

GT  #1  FSEE  internal  constant 

Unknown 

P541 

GT  #1  power  turbine  exhaust  pressure 

psia 

P541I 

GT  #1  power  turbine  exhaust  pressure  IC 

psia 

P54L1 

GT  #1  FSEE  internal  constant 

Unknown 

P54LL1 

GT  #1  FSEE  internal  constant 

Unknown 

P54Q1 

GT  #1  FSEE  internal  constant 

Unknown 

P54Q1I 

GT  #1  FSEE  internal  constant  IC 

Unknown 

P54R21 

GT  #1  internal  constant 

Unknown 

P54R21I 

GT  #1  internal  constant  IC 

Unknown 

PAMB 

Ambient  pressure 

psia 

PCNTRLl 

GT  #1  governor  proportional  control 

None 

PCNTRLII 

GT  #1  governor  proportional  control  IC 

None 

PCTTOl 

Unknown 

Unknown 

PHIPMl 

Mtr.  #1  amuture  current  angle 

Radians 

PHIPM2 

Mtr.  #2  armature  current  angle 

Radians 

pmsMi 

Mtr  #1  dedred  power  &ctor  angle 

Radians 
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PHISM2 

Mtr  #2  desired  power  &ctor  angle 

Radians 

PNGGl 

GT  #1  percent  gas  generator  speed 

percent 

PNGGRl 

GT  #1  gas  generator  intorud  variable 

Unknown 

PNGCmil 

GT  #1  gas  generator  internal  variable  IC 

Unknown 

PS31 

GT  #1  compressor  discharge  pressure 

psia 

PS31I 

GT  #1  compressor  discharge  pressure  IC 

psia 

PS3R21 

GT  #1  gas  generator  internal  variable 

Uidcnown 

PS3R21I 

GT  #1  gas  generator  intonal  variable  IC 

Unknown 

PS3WC1 

GT  #1  MFC  internal  variable 

Unknown 

PWRDl 

GT  #1  governor  power  demand 

percem 

PWRDII 

GT  #1  governor  power  demand  IC 

percent 

Q1 

Ship's  service  load  reactive  power  setting 

per  unit 

Q41 

GT  #1  gas  generator  internal  variable 

Uidcnown 

Q4R21 

GT  #1  gas  generator  intonal  variable 

Unknown 

QCALl 

GT  Ml  FSEE  internal  variable 

Unknown 

QCALII 

GT  #1  FSEE  internal  variable 

Unknown 

QGB 

Gen.  #1  base  torque 

Ft-lbf 

QHl 

GT  Ml  gas  generator  internal  variable 

Unknown 

QLIDl 

GT  #1  internal  variable 

Unknown 

QLIDII 

GT  #1  internal  variable 

Unknown 

QMAPl 

GT  #1  FSEE  internal  variable 

Unknown 

QMAPII 

GT  #1  FSEE  internal  variable 

Unknown 

QMAPLl 

GT  #1  FSEE  intenud  variable 

Unknown 

QPl 

#1  propeller  shaft  torque 

Ft-lbf 

QPIF 

#1  propeller  shaft  friction  torque 

Ft-lbf 

QPin 

#1  propeller  shaft  friction  torque  IC 

Ft-lbf 

QPII 

#1  propeller  shaft  torque  IC 

Ft-lbf 

QPIPU 

#1  propeller  shaft  torque 

per  unit 

QPIPUI 

#1  propeller  shaft  torque 

per  unit 

QP2 

M2  propeller  shaft  torque 

Ft-lbf 

QP2F 

M2  propeller  shaft  friction  torque 

Ft-lbf 

QP2n 

M2  propeller  shaft  friction  torque  IC 

Ft-lbf 

QP2I 

M2  propeller  shaft  torque  IC 

Ft-lbf 

QP2PU 

M2  propeller  shaft  torque 

per  unit 
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QP2PUI 

#2  propdler  shaft  torque 

per  unit 

QPBASE 

Propeller  shaft  base  torque 

per  unit 

QPSBAF 

PropeUM*  shaft  breakaway  fiiction 

FMbf 

QPTl 

GT  #1  power  turbine  torque 

Ft-lbf 

QPTIB 

GT  #1  power  turbine  base  torque 

Ft-lbf 

QPTII 

GT  #1  power  turbine  torque  IC 

Ft-lbf 

QPTIPU 

GT  #1  power  turbine  torque 

per  unit 

QREFl 

GT  #1  torque  reference 

Ft-lbf 

RDCl 

#1  DC-link  resistance 

per  unit 

RDC2 

#2  DC-link  resistance 

per  unit 

RSIPUO 

Ship  reastance  componoit 

Unknown 

RSIPUI 

Ship  resistance  component 

Unknown 

RS1PU2 

Ship  resistance  component 

Unknown 

RS1PU3 

Ship  resistance  component 

Unknown 

RSIPU 

Ship  resistance  component 

Unknown 

RSIPUIO 

Ship  resistance  component 

Unknown 

RSIPUII 

Ship  resistance  component 

Unknown 

RS1PUI2 

Ship  resistance  component 

Unknown 

RS1PUI3 

Ship  resistance  component 

Unknown 

RSIPUI 

Ship  resistance  componmt 

Unknown 

SEAFREQ 

Doppler  shifted  wave  frequency 

Rad.  /  Sec. 

SEATIME 

Phase  shifted  time  for  seaway  calculation 

Seconds 

SNEGVLl 

GT  #1  FSEE  intenud  variable 

Unknown 

SPDERRIIC 

#1  shaft  speed  oror  IC 

per  unit 

SPDERR2 

Diesel  #2  speed  error 

RPM 

SPDERR2IC 

#2  shaft  speed  error  IC 

per  unit 

SPDREFl 

Propeller  #1  shaft  speed  reference 

per  unit 

SPDREF2 

Propeller  #2  shaft  speed  reference 

per  unit 

SPEEDERRl 

Propeller  #1  shaft  speed  oror 

per  unit 

SPEEDERR2 

Propeller  #2  shaft  speed  error 

pa*  unit 

SQRTH2 

GT  #1  nondimensional  temperature  constant 

None 

SWITCHVARl 

PropeUer  #1  shaft  speed  error  with  hysterisis 

per  unit 

SWITCHVAR2 

Propdler  #2  shaft  speed  error  vrith  hysterisis 

per  unit 

TOSEA 

Time  reference  for  seaway  calculations 

Seconds 
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T2 

GT  #1  compressor  inlet  temperature 

“R 

T41 

GT  #1  gas  generator  intonal  variable 

Unknown 

T4P1 

GT  #1  gas  generator  intoml  variable 

Unknown 

T4PL1 

GT  #1  gas  generator  internal  variable 

Unknown 

T4R21 

GT  #1  gas  generator  internal  variable 

Unknown 

T4U1 

GT  #1  gas  genontor  internal  variable 

Unknown 

T511 

GT  #1  gas  tenerator  exhaust  tonperature 

op 

T51P1 

GT  #1  power  turbine  intenud  variable 

Unknown 

T51PL1 

GT  #1  power  turbine  intonal  variable 

Unknown 

T51Q1 

GT  #1  power  turbine  intonal  variable 

Unknown 

T51R21 

GT  #1  power  turbine  internal  variable 

Unknown 

T51U1 

GT  #1  power  turbine  internal  variable 

Unknown 

T541 

GT  #1  power  turbine  inlet  temperature 

op 

TABTRll 

GT  #1  FSEE  internal  variable 

Unknown 

TALPHAl 

GT  U1  governor  load  compensation  value 

None 

TAMB 

GT  #1  ambient  temperature 

“F 

TAUBETARl 

Rectifier  #1  controller  time  constant 

Seconds 

TAUBETAR2 

Rectifier  #2  controller  time  constant 

Seconds 

TAUEAFGl 

Gen.  #1  field  excitation  controller  time  constant 

Seconds 

TAUEAFG2 

Gen.  #2  field  excitation  controller  time  constant 

Seconds 

TAUEAFMl 

Mtr.  #1  field  excitation  controller  time  constant 

Seconds 

TAUEAFM2 

Mtr.  #2  field  excitation  controller  time  constant 

Seconds 

TAUFASTl 

Stall  #1  speed  controller  "fest  mode"  time  constant 

Seconds 

TAUFAST2 

Stall  #2  speed  controller  "fast  mode"  time  constant 

Seconds 

TAUG0V2 

Diesel  #2  govemer  time  constant 

Seconds 

TAUSLOWl 

Stan  #1  speed  controller  "dow  mode"  time  constant 

Seconds 

TAUSLOW2 

Stall  #2  speed  controller  "slow  mode"  time  constant 

Seconds 

TAUSPEEDl 

Stall  #1  speed  controller  time  constant 

Seconds 

TAUSPEED2 

Stall  #2  speed  controller  time  constant 

Seconds 

TCll 

GT  #1  governor  time  constant 

Seconds 

TDOPGl 

Gen.  #1  D-axis  open  drcuit  tranaent  time  constant 

Seconds 

TDOPG2 

Gen.  #2  D-axis  open  dmiit  tran«ent  time  constant 

Seconds 

TDOPMl 

Mtr.  #1  D-axis  open  drcuit  trandent  time  constant 

Seconds 

TDOPM2 

Mtr.  #2  D-axis  open  circuit  transient  time  constant 

Seconds 
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TDOPPGl 

Gen.  #1  D>axis  open  ckt  subtranaent  time  constant 

Seconds 

TDOPPG2 

Gen.  #2  D-axis  open  cict  subtransient  time  constant 

Seconds 

TDOPPMl 

Mtr.  #1  D-axis  open  cla  »ibtransient  time  constant 

Seconds 

TDOPPM2 

Mtr.  #2  D-axis  open  ckt  subtranaent  time  constant 

Seconds 

TDT541 

GT  #l  gas  gen.  exhaust  to  PT  inlet  temp  difference 

op 

TEGl 

Gen.  #1  electromagnetic  torque 

per  unit 

TEGIIC 

Gen.  #1  electromagnetic  torque  IC 

per  unit 

TEG2 

Gen.  #2  electromagnetic  torque 

per  unit 

TEG2IC 

Gen.  #2  electromagnetic  torque  IC 

per  unit 

TEMl 

Mtr.  #1  electromagnetic  torque 

per  unit 

TEM2 

Mtr.  #2  electroma^etic  torque 

per  unit 

TESMl 

Gen.  #1  electromagnetic  torque  for  GT  use 

ft-lbf 

TESMII 

Gen.  #1  electromagnetic  torque  for  GT  use  IC 

ft-lbf 

TGLAGl 

GT  #1  FSEE  internal  variable 

Unknown 

THDOT21 

GT  #1  internal  variable 

Unknown 

THET2N 

GT  Ul  nondimensional  constant 

None 

THETA2 

GT  #1  nondimensional  temperature 

None 

THRESHOLDl 

Shaft  #1  speed  error  required  for  switching  control 
modes 

per  unit 

THRESHOLD2 

Shaft  #2  speed  error  required  for  s^tching  control 
modes 

per  unit 

THTA2V 

GT  #1  constant 

None 

TICl 

GT  #1  throttle  input  command 

Degrees 

TIC  ILL 

GT  #1  throttle  input  command  lower  limit 

Degrees 

TIClUL 

GT  #1  throttle  input  command  upper  limit 

Degrees 

TICMDl 

GT  #1  governor  control  signal 

Degrees 

TICMDII 

GT  #1  governor  control  signal  IC 

Degrees 

TICNl 

GT  #1  governor  PI  control  signal 

Degrees 

TICNII 

GT  #1  governor  PI  control  signal  IC 

Degrees 

TICRLILL 

GT  #1  governor  control  signal  lower  rate  limit 

Deg.  /  Sec. 

TICRLIUL 

GT  #1  governor  control  signal  upper  rate  limit 

Deg.  /  Sec. 

TICSl 

GT  governor  power  demand  control  signal 

Degrees 

TICSII 

GT  #1  governor  power  demand  control  signal  IC 

Degrees 

TMAP 

Diesel  #1  torque  map  table 

per  unit 

TMG2 

Gen.  #2  mechanical  torque 

per  unit 

270 


TMMl 

Mtr.  #1  mechanical  torque 

per  unit 

TMM2 

Mtr.  #2  mechanical  torque 

per  unit 

T0RQ2 

Diesd  #2  instantaneous  torque 

per  unit 

TPIPU 

Shaft  #1  propeller  thrust 

per  unit 

TPIPUI 

Shaft  #1  propeller  thrust  IC 

per  unit 

TP2PU 

Shaft  #2  propeller  thru^ 

per  unit 

TP2PUI 

Shaft  #2  propeller  thru^  IC 

per  unit 

TQOPPGl 

Gen.  #1  Q-axis  open  ckt  subtranaent  time  constant 

Seconds 

TQOPPG2 

Gen.  #2  Q>axis  open  ckt  subtranaent  time  constant 

Seconds 

TQOPPMl 

Mtr.  #1  Q<axis  open  ckt  subtranaent  time  constant 

Seconds 

TQOPPM2 

Mtr.  #2  Q-axis  open  ckt  subtranaent  time  constant 

Seconds 

TSEA 

Seaway  wave  period 

Seconds 

TSTOP 

Simulation  termination  time 

Seconds 

TURBOLAG2 

Diesel  #2  turbocharger  lag 

Seconds 

TUT4H1 

GT  #1  gas  generator  internal  variable 

Unknown 

TUT51H1 

GT  #1  power  tuibine  intonal  variable 

Unknown 

TVSOREF 

Reference  ship  stopping  time 

Seconds 

U1 

Rectifier  #1  control  variable 

None 

UID 

Rectifier  #1  control  variable  IC 

None 

U2 

Rectifier  #2  control  variable 

None 

U2D 

Rectifier  #2  control  variable  IC 

None 

UMAXl 

Rectifier  #\  control  variable  maximum  value 

None 

UMAX2 

Rectifier  #2  control  variable  maximum  value 

None 

UMINl 

Rectifier  #1  control  variable  minimum  value 

None 

UMIN2 

Rectifier  #2  control  variable  minimum  value 

None 

VDBIC 

Bus  D-axis  voltage  IC 

per  unit 

VDBUS 

Bus  D-axis  voltage 

per  unit 

VDCBG2 

Gen.  #2  circuit  breaker  voltage 

per  unit 

VDERR 

D-axis  voltage  error  for  implicit  loop  calculation 

per  unit 

VDGl 

Gen.  #1  D-axis  terminal  voltage 

per  unit 

VDG2 

Gen.  #2  D-a^ds  terminal  voltage 

per  unit 

VDIl 

Inverter  #1  D-axis  terminal  voltage 

per  unit 

VDI2 

Inverter  #2  D-axi  j  terminal  voltage 

per  unit 

VDMl 

Mtr.  #I  D-axis  terminal  voltage 

per  unit 
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VDM2 

Mtr.  #2  D-axis  temunal  voltage 

per  unit 

VDRl 

Rectifier  #1  D-axis  terminal  voltage 

per  unit 

VDIR 

Rectifier  #2  D-axis  terminal  voltage 

per  unit 

VERRGl 

Gen.  #1  terminal  voltage  error 

per  unit 

VERRG2 

Gen.  #2  terminal  voltage  oror 

po’unit 

VII 

Inverter  #1  DC-side  voltage 

per  unit 

VI2 

Inverter  #2  DC-side  voltage 

per  unit 

VNl 

GT  #1  FSEE  power  turbine  speed  reference  voltage 

volts 

VNSFl 

GT  #1  FSEE  power  turbine  speed  scale  &ctor 

RPM/volt 

VQl 

GT  #1  FSEE  power  turbine  torque  reference  voltage  volts 

VQBIC 

Bus  Q-axis  voltage  IC 

per  unit 

VQBUS 

Bus  Q-axis  voltage 

per  unit 

VQCBG2 

Gen.  #2  circuit  breaker  voltage 

per  unit 

VQERR 

Q-axis  voltage  error  for  implicit  loop  calculation 

per  unit 

VQGl 

Gen.  #1  Q-axis  termiiud  voltage 

per  unit 

VQG2 

Gen.  #2  Q-axis  terminal  voltage 

per  unit 

VQIl 

Inverter  #1  Q-axis  terminal  voltage 

per  unit 

VQI2 

Inverter  #2  Q-axis  temunal  voltage 

per  unit 

VQMl 

Mtr.  #1  Q-axis  terminal  voltage 

per  unit 

VQM2 

Mtr.  #2  Q-axis  terminal  voltage 

per  unit 

VQRl 

Rectifier  #1  Q-axis  terminal  voltage 

per  unit 

VQR2 

Rectifier  #2  Q-axis  terminal  voltage 

per  unit 

VQSFl 

GT  #1  FSEE  power  turbine  torque  scale  factor 

Ibf-ft  /  volt 

VRl 

Rectifier  #1  DC-side  voltage 

per  r  at 

VR2 

Rectifier#!  DC-side  voltage 

per  unit 

VRATEl 

GT  #1  FSEE  rate  limit 

volts 

VRSFl 

GT  #1  FSEE  rate  limit  scale  factor 

rpm  /  sec-volt 

VSIPUO 

Zero  ship  speed 

per  unit 

VSIPUIO 

(Ship  speed)'® 

per  unit 

VSIPUIOI 

(Ship  speed)'®  IC 

per  unit 

VS1PU2 

(Ship  speed)^ 

per  unit 

VS1PU2I 

(Ship  speed)’  IC 

po’unit 

VS1PU3 

(Ship  speed)’ 

per  unit 

VS1PU3I 

(Ship  speed)’  IC 

per  unit 
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VS1PU4 

(Ship  speedy 

per  unit 

VS1PU4I 

(Ship  speedy  IC 

per  unit 

VS1PU5 

(Ship  speedy 

per  unit 

VS1PU5I 

(Ship  speedy  IC 

per  unit 

VS1PU6 

(Ship  speedy 

per  unit 

VS1PU6I 

(Ship  speedy  IC 

per  unit 

VS1PU7 

(Ship  speedy 

per  unit 

VS1PU7I 

(Ship  speedy  IC 

per  unit 

VS1PU8 

(Ship  speed)* 

per  unit 

VS1PU8I 

(Ship  speed)*  IC 

pa*  unit 

VS1PU9 

(Ship  speed)’ 

per  unit 

VS1PU9I 

(Ship  speed)’  IC 

per  unit 

VSIPU 

Ship  speed 

per  unit 

VT12 

Unknown 

Unknown 

VTGl 

Gen.  #1  terminal  voltage 

per  unit 

VTG2 

Gen.  #2  terminal  voltage 

per  unit 

VTMl 

Mtr.  #1  terminal  voltage 

per  unit 

VTM2 

Mtr.  #2  terminal  voltage 

per  unit 

VTOPl 

GT  #1  topping  governor  value 

Unknown 

VTREFGl 

Gen.  #1  terminal  voltage  reference  value 

per  unit 

VTREFG2 

Gen.  #2  terminal  voltage  reference  value 

per  unit 

VTRQGSl 

GT  #1  FSEE  torque  limiting  value 

Unknown 

W41 

GT  #1  gas  generator  internal  variable 

Unknown 

W4R21 

GT  #1  gas  generator  internal  variable 

Unknown 

W541 

GT  #1  power  turbine  internal  variable 

Unknown 

W54R21 

GT  #1  power  turbine  internal  variable 

Unknown 

WAVE 

Seaway  wave  wavelength 

per  unit 

WEFSEA 

Radian  frequency  of  waves 

Rad.  /  Sec. 

WESEA 

Seaway  velocity  factor 

per  unit 

WESEAMG 

Seaway  internal  varialbe 

Unknown 

WESMAX 

Maximum  sea  induced  variation  in  ship  speed 

per  unit 

WFACl 

GT  #1  MFC  internal  variable 

Unknown 

WFSR21 

GT  #1  gas  generator  internal  varaible 

Unknown 

WFUELl 

GT  #1  MFC  fuel  flow  rate 

Unknown 
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WFUELII 

GT  #1  MFC  fuel  flow  rate  IC 

Unknown 

WMGl 

Gen.  #1  rotational  speed 

Rad.  /  Sec. 

WMG2 

Gen.  #2  rotational  speed 

Rad.  /  Sec. 

WMG2D 

Gen.  #2  rotational  acceleration 

Rad.  /  Sec. 

WMMl 

Mtr.  #1  rotational  speed  (electrical) 

Rad.  /  Sec. 

WMMID 

Mtr.  #1  rotational  acceleration 

Rad.  /  Sec. 

WMMIIC 

Mtr.  #1  rotational  speed  IC 

Rad.  /  Sec. 

WMM2 

Mtr.  #2  rotational  speed  (electrical) 

Rad.  /  Sec. 

WMM2D 

Mtr.  #2  rotational  acceleration 

Rad.  /  Sec. 

WMM2IC 

Mtr.  #2  rotational  speed  IC 

Rad.  /  Sec. 

WO 

Base  electrical  frequency 

Rad.  /  Sec. 

WRNIORD 

GT  #\  ordered  speed 

per  unit 

WRNIORDIC 

GT  #l  ordered  speed  IC 

per  unit 

WRNGl 

Gen.  #1  rotational  speed 

per  unit 

WRNGIIC 

Gen.  #1  rotational  speed  IC 

per  unit 

WRNG2 

Gen.  #2  rotational  speed 

per  unit 

WRNG2IC 

Gen.  #2  rotational  speed  IC 

per  unit 

WRNMl 

Mtr.  #1  rotational  speed 

per  unit 

WRNM2 

Mtr.  #2  rotational  speed 

per  unit 

XDCl 

DC-link  #1  reactance 

per  unit 

XDC2 

DC'link  #2  reactance 

per  unit 

XDGl 

Gen.  #1  D-axis  synchronous  reactance 

per  unit 

XDG2 

Gen.  #2  D>axis  synchronous  reactance 

per  unit 

XDMl 

Mtr.  #1  D-axis  synchronous  reactance 

per  unit 

XDM2 

Mtr.  #2  D-axis  synchronous  reactance 

per  unit 

XDMXQMl 

Mtr.  #1  difference  between  Xd  and  Xq 

per  unit 

XDMXQM2 

Mtr.  #2  difference  between  Xd  and  Xq 

per  unit 

XDPGl 

Gen.  #1  D-axis  transient  reactance 

per  unit 

XDPG2 

Gen.  f^2  D-axis  transient  reactance 

per  unit 

XDPMl 

Mtr.  #\  D-axis  transient  reactance 

per  unit 

XDPM2 

Mtr.  #2  D-axis  transient  reactance 

per  unit 

XDPPGl 

Gen.  #1  D-axis  subtransient  reactance 

per  unit 

XDPPG2 

Gen.  #2  D-axis  subtransient  reactance 

per  unit 

XDPPMl 

Mtr.  #1  D-axis  subtransient  reactance 

per  unit 
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XDPPM2 

Mtr.  #2  D-axis  subtransient  reactance 

per  unit 

XGl 

Gen.  #1  Transmission  tine  reactance 

per  unit 

XG2 

Gen.  U2  Transmission  line  reactance 

per  unit 

XK3L1 

GT  #1  FSEE  internal  variable 

Unknown 

XLl 

Rectifier  #1  transmisrion  line  reactance 

per  unit 

XLGl 

Gen.  #1  leakage  reactance 

per  unit 

XLG2 

Gen.  #2  leakage  reactance 

per  unit 

XLMl 

Mtr.  leakage  reactance 

per  unit 

XLM2 

Mtr.  #2  leakage  reactance 

per  unit 

XMl 

Mtr.  #1  transmission  line  reactance 

per  unit 

XMVl 

GT  #1  MFC  internal  variable 

Unknown 

XQGl 

Gen.  Q-axis  synchronous  reactance 

per  unit 

XQG2 

Gen.  #2  Q-axis  synchronous  reactance 

per  unit 

XQMl 

Mtr.  Ul  Q-axis  synchronous  reactance 

per  unit 

XQM2 

Mtr.  #2  Q-axis  synchronous  reactance 

per  unit 

XQPPGl 

Gen.  #1  D-axis  subtransient  reactance 

per  unit 

XQPPG2 

Gen.  #2  D-axis  subtransient  reactance 

per  unit 

XQPPMl 

Mtr.  #1  D-axis  subtransient  reactance 

per  unit 

XQPPM2 

Mtr.  #2  D-axis  subtransient  reactance 

per  unit 

XVSOREF 

Reference  ship  stopping  distance 

Unknown 
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